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TUNNEL, INLET, AND WHEEL-PIT SLOT 
CHAPTER XVII 
PRE-CONSTRUCTION DEVELOPMENTS OF EVERSHED TUNNEL PROJECT 


HE original special act’ of incorporation by the State of New York au- 
thorized the construction, maintenance and operation, in connection with 
the Niagara River, of “a hydraulic tunnel or subterranean sewer for the public 
use of sewerage and drainage, as hereinafter specified, and for furnishing 
hydraulic power for manufacturing purposes,” conditioned, with other pro- 
visions, upon permitting the villages to use the tunnel or sewer for the pur- 
pose of draining or sewering the villages upon reasonable rates, and such 
conditions as might be agreed upon. The company thus originally chartered 
as the Niagara River Hydraulic Tunnel, Power and Sewer Company, be- 
came the so-called Gaskill’ company, that passed, by the sale of its entire 
capital stock, with the Evershed plan for Niagara power development it had 
acquired, into the ownership of The Cataract Construction Company. 
Careful and prolonged consideration of the original Evershed plan of 1886 
brought the “money subscribers,” under the guidance of their board of engi- 
neers, to the following decision, in the early part of 1890. 
To proceed with the enterprise: 


1. By the construction of a discharge tunnel of about 1 mile in 
length as the first section of the long tunnel designed; 


2. By the further study of methods of utilizing the waters of the 
river for power. 


In February, 1890, The Cataract Construction Company was formally 
requested by its stockholders to proceed with the project, for which ample 
funds had been subscribed under their agreement of January 17, 1890. 

The quantity element again came into the questions under consideration, 
and as pioneers, the directors made decisions according to their best judg- 
ment, but only after counselling with the most experienced hydraulic engi- 
neers at home and abroad. No experience from experiments or practise was 
extant with water being discharged through a tunnel of so great a diameter 
as 24 feet. The head forcing water through the tunnel was only about 50 feet 
more or less. No empirical formula could be depended upon to give reliable 
results under such untried conditions. 

The numerous deeds, constituting the right-of-way more than a mile long 
and for the construction of the first tunnel, granted authority to excavate and 
maintain a tunnel at a depth of not less than 100 feet, through, across and 


1 Section 10, Chapter 83, Laws of New York, 1886. 
2 Named after Col. Charles B, Gaskill, its president. 
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under the lots located in the tunnel line surveyed in the village of Niagara 
Falls. | 

The board of engineers took up its work actively. The contour survey and 
map, on a large scale, of the company’s lands, including those under water 
and the right-of-way and franchise privileges, were sufficiently advanced in 
March, 1890, to permit the location of a tunnel, then authorized, 7000 feet 
in length, 18 feet wide and 29 feet high, at a grade of 7 feet in 1000 feet, with 
its invert upon entering the river 1414 feet, one half its total height, below 
ordinary river level. Chief Engineer Sellers and Consulting Engineer John 
Bogart assured the directors of the cataract company that the proposed plans 
for construction met their approval, that there were no unusual difficulties an- 
ticipated for the work, and that the estimates were ample. 


TUNNEL CONSTRUCTION BEGUN 


In September, 1890, Clemens Herschel, hydraulic engineer, visited London 
for a conference with Chief Engineer Coleman Sellers, Prof. William Caw- 
thorne Unwin, secretary of the International Niagara Commission, and 
George F’. Deacon, hydraulic engineer of Liverpool, with reference to the 
hydraulic system of the Niagara company. After a full exchange of views and 
experiences, with detailed explanations of the local conditions at Niagara and 
the probable requirements there in the future, the form, grade and location of 
the tunnel were agreed upon unanimously. Upon Mr. Herschel’s return, the 
tunnel contract was let with provisions for modification of the original plans, 
should the company so desire during construction. The construction of the 
tunnel commenced October 4, 1890, and was carried forward upon the plans 
prepared therefor by the board of engineers of the cataract company, with 
the co-operation and approval of the hydraulic engineer. 

Mr. Herschel called attention, in his first report on this enterprise, to his 
belief that the plans, if carried out prudently, would be profitable, but not 
right away. His suggestions were for economy in capital expenditure. His 
conservatism was shown by his designs of units of development that could be 
increased or duplicated as desired to meet commercial demands. 


METHOD OF CENTRAL POWER PRODUCTION PROPOSED 


While the tunnel work continued from five headings, with favorable 
progress, the study of new designs to modify the Kvershed plan was carried 
on, each succeeding sketch reducing that system’s tunnels, water-inlets and 
wheel-pits, until, eventually, soon after the sessions of the International Ni- 
agara Commission, in February, 1891, the board of engineers abandoned the 
long established American method of each manufacturer generating his own 


6 


TUNNEL, INLET, AND WHEEL-PIT SLOT 


power, and adopted the new system of a central power station, where alone all 
the power was to be created and distributed by one or more methods of electric, 
compressed air or water that might be selected as best adapted to the needs 
of the company’s customers. 

The board of engineers, as well as some of the officers and directors of the 
company, were loath to make so radical a departure from long established 
custom for what seemed both new and striking, understood by few, but en- 
dorsed by scientific practitioners of the highest authority, and demonstrated 
by European examples of application, that in facility and economy indicated 
a new era in applied mechanics and that stirred the world of manufacturers 
by its promises. 

The managers of the cataract company realized that it would require a 
prolonged period of investigation and familiarity with the details of electric 
transmission to overcome prejudice and to induce the investment of other 
people’s capital, in factories designed to use that system. The directors had 
investigated the international situation in this regard and deliberatively de- 
cided, in effect, to meet whatever might be the necessary delay, in preference 
to the adoption of prevailing systems, that were deteriorating by use and would 
eventually be replaced, in their opinion, by the new and more economical 
methods of power production and distribution. 

It was recognized that the old-time manufacturer hesitated to give up his 
personal supervision of his own supply of power, however crudely and ineffi- 
ciently applied, and to take in its place a comparatively delicate piece of ma- 
chinery he did not understand, that was activated by a wire, the operation of 
which was startling to hear, dazzling to see, and dangerous to touch. 

In new constructions for the use of power the new system compelled con- 
sideration by the rapidity of its adoption in Europe and at home. Owners of 
existing plants in most countries were not disposed to abandon well-tried ma- 
chinery that had been profitably operated, and could still be depended upon, 
except in special cases of drought or irregular delivery of fuel, that were 
understood. 

As to the continuity of electrical power, created and distributed at a dis- 
tance by strangers over whom the consumer had no authority or supervision 
and for whose action, in a failure of supply when most needed, he had no 
remedy nor any responsibility except to his own employees and his own profit 
and loss account, the possible customer was skeptical and preferred to wait 
until his machinery required replacement; then he would know more about 
the matter, or perhaps his successors would, and they and others would have 
the experience by which they could profit in deciding upon their future course. 
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As it would be preferable, from the salesman’s point of view, to transmit the 
power to Buffalo and its 256,000 population, and there to demonstrate its 
continuity, its regularity and comparative economy, and its facilities in use, 
rather than to await a market at Niagara, the transmission to Buffalo and a 
plan for its distribution there, as well as locally at Niagara, became an im- 
portant part of the program of construction. 

Ten of the company’s officers and engineers had visited Switzerland, 
France, Italy and England on one or more occasions each in a period of about 
six months, where they made the personal acquaintance of the foremost hy- 
draulie and electric ingénieurs constructeurs and through their courteous 
hospitality became familiar with the latest and most important installations 
of hydraulic power development and its transmission, and learned, by inspec- 
tion of plans, of still larger units of prime movers that were in preparation 
for group operation in central stations of hydro-electric power distribution. 

Because of the great expense and the long period of time required for con- 
struction under the Evershed plan and the comparative scarcity of local in- 
dustries and inhabitants (about 5000 population only in 1890 in the village 
of Niagara Falls), the sole elements of this plan believed to be useful for the 
enterprise were about one-third of the main tunnel, and one short water-inlet. 
All else was considered impracticable and abandoned except that provision 
was made incidentally for a short side tunnel’ as a discharge for possible 
future wheel-pits in the land on the north side of Buffalo Avenue that could 
be readily supplied with water from the inlet-canal; also for a water-inlet on 
the western side of the inlet-canal, near its mouth, under the terms of a lease’ 
made with the Niagara Falls Paper Company, authorizing it to draw a 
quantity of water to the extent of about 8000 horse-power and to discharge 
the same by a private side tunnel into the main tail-race, or discharge tunnel. 
In both instances it was expected that the lessee-manufacturer would provide 
and supervise its own machinery for the utilization of the water and its power. 
This paper company lease was the first contract for water-power and the only 
agreement by the company based upon the old system of “mill over a wheel- 
pit,” where the lessee owned and controlled its machinery and the power com- 
pany furnished the water and the tunnel facilities for its discharge after use. 

The development of a simple hydraulic system, essentially different from 
the complex plan of Evershed, under serious consideration from January, 
1890, was practically determined when construction commenced on a single 
tail-race tunnel, October 4, 1890, and later on a single water inlet-canal and 
thereafter on a single wheel-pit slot, August 31, 1891. 

1 Not utilized in 1927. 


* Changed later to contract for electric power in place of previous hydraulic method. 
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There were well understood mechanical devices for the transmission of 
power for short distances for local uses by shaft and rope or cable, and for 
comparatively long distances as well as local distribution, by the systems then 
occasionally in use, by water, air and direct-current electricity, all of which 
forms of power could be advantageously developed and distributed from a 
central station. 

The International Niagara Commission received carefully prepared plans 
of all these methods that were submitted for consideration in the award of 
prizes and bonuses which were intended as expressions of authoritative com- 
mendation for application to the solution of the problem of developing the 
power of Niagara River. 

Mass production, wide transmission and minute distribution expressed the 
purpose of the organization represented by The Cataract Construction Com- 
pany in its plans for the utilization of the waters of Niagara. 


SUCCESSIVE MODIFICATIONS OF EVERSHED PLAN 


The only important feature of the Evershed plan that was finally adopted 
was the idea of a tunnel, from the vicinity of Port Day to the lower river, and 
this was materially changed with respect to its form, size, grade and other 
particulars. 

The 314 miles of tunnel has been reduced to 6700 feet; the twelve water- 
inlets were reduced to a single water-inlet or canal; instead of 238 wheel-pits, 
there is one wheel-pit slot on each side of the inlet; and in lieu of 238 units of 
500 horse-power each, there have been assembled 5000 horse-power units in 
two power-houses of generation and distribution, of 100,000 horse-power total 
production. 

The following plans show, in brief outlines, first the Kvershed plan of 1886, 
and then the successive changes that were suggested, by which the reader can 
see what efforts were made, in the interest of economy, in construction and 
efficiency in operation and maintenance, to simplify the project that finally 
resulted as described in the Plan Number XII herein that shows the location 
of the tunnel and canal as constructed. 


NIAGARA POWER 


THE EVERSHED PLAN 
OF 1886 


POWER DEVELOPMENT AT NIAGARA FALLS ACQUIRED BY THE CATARACT 
CONSTRUCTION COMPANY WHEN IT PURCHASED THE CONTROL 
AND OWNERSHIP OF THE NIAGARA RIVER HYDRAULIC 
TUNNEL, POWER AND SEWER COMPANY 


PLAN NUMBER I 


SSS ee 


| i Thy EF ou tan steel ne ese. ce 
2/2 MILES 
wi “LINE ‘OF TH il te i I I 
ee ee 


EversHep Map or MIti-sirrs 


Main tunnel, 214 miles to river discharge. 12 inlet-canals, with transverse discharge 
tunnels from 238 mill-sites, each with wheel-pits of 500 horse-power capacity. 


The enormous expense of excavating and possible lining, of these tunnels, 
canals and wheel-pits, about 6 miles of total construction, with comparatively 
no important industry then established at Niagara Falls prompted the re- 
jection of the general plan. 

The cost in time and money of factory construction was also prohibitive. 
Why should such industries move to Niagara? Whence the income to provide 
interest on the cost of tunnels, waterways, etc. ? 

The most likely newcomers were those who had fire insurance money to use 
in rebuilding or for new industries seeking locations that promised cheap 
power and transportation facilities. 

The expenses of maintenance of such hydraulic systems were not favorable, 
at least in dealing with ice problems as they would naturally arise in the use 
of many shallow water intakes from the river’s bank. 
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Under the guidance of Chief Engineer Coleman Sellers and his staff of 
engineers, each recognized as experienced and expert in his specialty, the hy- 
draulic system of the company was formulated by molding the design of 
Thomas Evershed into the unique physical conditions prevailing and in con- 
formity to the latest evidences of science and engineering that the officers of 
the company gathered abroad in addition to those obtained from the proceed- 
ings of the International Niagara Commission in London in 1891. 

The numerous changes in the Evershed design were made progressively ; 
each change suggested was drawn out and carefully considered; the single 
steps were gradually approved, being recognized as reasonable, logical and 
economical; compared with the plan constructed the changes from the Ever- 
shed plan were radical; the long used wheel-pit for each mill using the power 
had been abandoned for a vision of united strength in power development. 

The pamphlet of 1886, entitled “Water Power at Niagara to be Success- 
fully Utilized,” issued by the Niagara River Hydraulic Tunnel, Power and 
Sewer Company, describes briefly this plan, over the names of the officers of 
that company, including that of its engineer, Thomas Evershed, whose report 
addressed to the president and trustees of the company, dated Rochester, 
July 1, 1886, contains his suggestions of a plan for the construction of a town 
plat or arrangement of lots, streets, mill-races, wharves and railroad tracks 
above ground on the bank of the Niagara River above Port Day, for the pur- 
pose of forming a town composed wholly of mills, factories and workshops, 
to be operated by the waters of Niagara River by means of turbine wheels or 
other devices and of main and lateral tunnels, an average of about 100 feet 
below ground, which should serve as tail-races for the factories and workshops. 

A plan showing heads of water-wheels every half-mile formed a part of the 
pamphlet and are indicated on the following plans: 
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Average head 120 feet 
20 mills of 500 horse-power each 
10,000 horse-power use 980 cubic feet per second. 


Average head 107 feet 
120 mills of 500 horse-power each 
60,000 horse-power use 6580 cubic feet per second. 


Average head of 90 feet 
50 mills of 500 horse-power each 
25,000 horse-power use 3260 cubic feet per second. 


Average head 81 feet 
48 mills of 500 horse-power each 
24,000 horse-power use 3480 cubic feet per second. 


Grade 1 in 100 = 52.80 per mile for 114, miles 
Grade 1 in 200 = 26.40 per mile for 1 mile. 


Discharge 864,000 cubic feet per minute (Darcy) 
14,400 per second 
861,000 cubic feet per minute (Kutter) 
14,850 per second. 
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PLAN NUMBER III 
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The essential features of these suggestions included a circular tunnel of 24 feet 
diameter, 214 miles in length, 1 mile westerly from the vicinity of Port Day to the lower 
river adjoining the abutment of Suspension Bridge, and 114% miles easterly from Port 
Day, upstream on the river bank. 

The plan also provided for twelve inlet-canals aggregating, with their connecting 
tunnels, about 314 miles in length, all chiefly in rock excavation, each having an opening 
on the river with a right angled wharf parallel to the river and opening downstream to 
the west. These canals were designed to furnish water for a series of 238 factories each 
supplied with 500 horse-power from its corresponding wheel-pit with connecting dis- 
charge to the main tail-race tunnel, and comprising not less than 6 miles of rock excava- 
tion in addition to the vertical shafts. 
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PLAN NUMBER IV 
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The twelve inlet-canals have been reduced to three and these have westerly extensions 
at right angles over and parallel to the tunnel beneath. 
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One INLET-CANAL FROM Harpor 


Plan showing development of the property to utilize 120,000 horse-power. Two inlets: 
one much wider than the other for use as a harbor, feeding a tapering canal with cross 
canals to the property on the northerly and southerly sides of the railroad tracks. 
Tunnel located under the main canal, with wheel-pits for the full development arranged 
with separate penstocks and inlet gates and with power-houses common to four mill lots 
of 12,200 horse-power each, the smaller inlet intended for wheel-pits south of the rail- 
road, The location of four factories upon a group of four independent mill-sites and 
wheel-pits, is a noteworthy prototype. 
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PLAN NUMBER VI 
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Four TurBinE-sHAFTS IN ONE WHEEL-PIT 


Plan showing head of lateral canal, wheel-pit, elevator and outlines of power-house 


common to four mill lots of 1200 horse-power each, with separate penstocks and inlet 
gates, also railroad tracks for mill service. 
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Main Tunnet Unver Cana 


March 21, 1891. Similar to previous plan, with modification by extending the inlet- 
canal back to the river as a loop so as to facilitate the flotation of ice downstream. Also 
providing for a second main tunnel, following a wide curve to a discharge lower down the 
river. Two central stations suggested. 
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PLAN NUMBER VIII 
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NIAGARA RIVER 
SmiveLe Inver with Lateran Canatrs 
A single wide inlet with an upstream extension to the extreme end of the tunnel, the 
intension being to distribute the water to wheel-pits located to the right and left of the 
canal, with discharge tunnels, immediately below the canal leading into the main tunnel, 
and with an additional tunnel north of the railroad tracks carrying the water discharged 


from wheel-pits on the northerly side of the railroad tracks, into the main tunnel in the 
vicinity of Port Day. For full development of 120,000 horse-power. 
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July 8, 1891. Inlet-canal and head gates for two central stations with turbines ar- 
ranged in groups of four, for the development of more than 100,000 horse-power. 
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Single inlet-canal 1075 feet long, 120 feet wide at the river entrance, tapering to 24 
feet. Wheel-pits designed five on each side of the canal, for mill-sites, the discharged 
water passing through short tunnels connecting with a cross tunnel on the line of the 
canal leading by a curve to the main tunnel. For development of 20,000 horse-power. 


PLAN NUMBER XI 


SincLe InuteT For CENTRAL STATION AND InNpIvipuAL Mitts 


June 17, 1892. Inlet-canal with power-house with location for turbines and canals 
for wheel-pits on mill-sites on the other side of the inlet-canal with discharge by small 
tunnels to a connection with the head of the main tunnel. 
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PLAN NUMBER XII 


PAPER 
_ COMPANY 


SL 


INLET-CANAL 


Since Inter For Two PowErR-HOUSES 


June 13, 1893. Plan of canal as first constructed, intended for two power-houses of 
50,000 horse-power each, one on each side of the canal with water-inlet gates for the 
lessees, the Niagara Falls Paper Company and the Niagara Water Works. 

The first adoption of a pit or slot for all the turbines of a single power-house. 


Some of the various plans shown above indicate successive changes made 
that finally resulted in the substitution of a single short inlet, of a central 
station for development and distribution and a tunnel smaller in size—21 feet 
by 18 feet 8 inches instead of 24 feet diameter, different in form, a horseshoe 
instead of a circle; shorter—6700 feet instead of 31,680 feet; and discharging, 
partly below instead of entirely above river water level, 1444 feet below 
instead of 5 feet above; a grade of 4 feet per 1000 feet instead of 10 feet per 
1000 feet for 144 miles and 20 feet per 1000 feet for 1 mile; and a head of 
136 feet instead of 81 feet to 120 feet. 


LOCATION OF TAIL-~RACE TUNNEL 


In the consideration of the final location of the main tail-race discharge 
tunnel there were several points already established. The lower portal, in 
order to be as near as possible to the falls, was located adjoining, on the north, 
the pier of the new Suspension Bridge, for which the necessary land had al- 
ready been purchased. 

At the upper end it was necessary for the tunnel to connect with the wheel- 
pit slot, and this was to be located near deep water where ample space would 
be available for the inlet-canal and the central power stations. Ample land had 
also been acquired for these purposes adjacent to Port Day on the upstream 
side. 

As the hydraulic studies continued, the location of the upper portal of the 
tunnel was carried inland and nearer the lower portal, shortening the tunnel 
length and establishing its entire line without a curve. 


18 


TUNNEL, INLET, AND WHEEL-PIT SLOT 


In the spring of 1890, the length of the so-called first section of the tunnel, 
in fact, the entire length constructed, was tentatively considered at 7000 feet 
and later 7300 feet; in July it was considered as 8000 feet, and on J uly 31, it 
was finally, by elimination at the upper end, established at 6700 feet. Because 
the shore is much steeper, and the water deeper than higher up the river, and 
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Diacram or INLET-cANAL, PowER-HOUSES, AND TUNNEL 


because it is nearer to the shortest tunnel, it was considered particularly suit- 
able for the inlet-canal and its central power station. These changes in pro- 
posed length represent in part the uncertainties of the location of deep water 
areas that were being surveyed and critically examined from the point of view 


of currents, depths and ice floes. 


TUNNEL DIMENSIONS 


In designing the main tunnel, Mr. Herschel adopted the tunnel capacity 
first proposed by Mr. Evershed to accommodate 238 mills of 500 horse-power 
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each, and limited the capacity of the first tunnel to 120,000 horse-power (24- 
hour power) “as good a limit to set for the first tunnel as any other, as it leads 
to a fair sized tunnel to be constructed by successive steps; and is in itself, a 
large block of power. It is equal to 10 Holyokes, and to a dozen of Minne- 
apolis; or to 20 Lowells, ete.” 

The tunnel section proposed by Mr. Evershed had a diameter of 24 feet and 
a sectional area of 484 square feet, and the partially rectangular section was 
designed by the chief engineer of the company to be equivalent in ultimate 
area to the 24-foot circular section suggested by Mr. Evershed. 


Mr. Herschel first proposed a preliminary tunnel, as per sketch, of small 
capacity, that could be enlarged from time to time, according to the demand 
therefor, without interfering with its use. 

The two small benches cut into each side, just above the 20,000 horse-power 
water line, permitted the placing of a temporary working platform from 
which the final enlargement could be made. This program of construction 
anticipated the extension of the tunnel upstream, tapering in diameter from 
24 feet for the first mile, to 16 feet for the second mile and 10 feet thereafter, 
for the cost of which the revenue from the first 20,000 horse-power would 
materially contribute. This scheme would have been and was frustrated by 
the necessity, subsequently developed, of lining the tunnel, as under that con- 
dition the first tunnel to be built would be that of the complete 120,000 horse- 
power or final capacity of the tunnel designed. The adoption of the central 
power station limited the tunnel in length to that necessary to reach the power- 
house. Any power requirements beyond the 120,000 horse-power capacity 
were dependent upon the second tunnel for which the right-of-way had been 
secured in 1889 pursuant to the recommendation of Mr. Herschel, and as in- 
dicated on Plan Number IV. 

The shape of the tunnel first proposed by the board of engineers was as a 
canal partially rectangular, 18 feet wide, of upright walls and an arched top 
29 feet above the floor, with a sectional area of 490 square feet. 

Before the sinking of the shafts and the commencement of tunnel excava- 
tion, while confidence obtained in the stability of the strata considered probable 
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for the tunnel excavation, the following design, being that commonly used at 
that time for double-track railroad tunnels, was under consideration by the 
board of engineers. 

After the issue of invitations for the submission of competitive projects to 
the International Niagara Commission in J anuary, 1891, a modification of 
the tunnel cross-section, as here indicated, was suggested, thereby increasing 
the sectional area, and starting the horseshoe form that was finally adopted. 

The advantage gained in horse-power, per cost of tunnel construction, was 
appreciable. 


This form was approved at the tunnel conference in London in September, 
1890, when the following dimensions were adopted. 


LINING OF THE TUNNEL 


The desirable limit of roughness of the interior of the tunnel, in rock un- 
lined, or “‘tolerably smooth” as Mr. Evershed recommended to reduce friction 
to the minimum economically possible, was described as follows: 


Square projections must be beveled off, and regard must be continually had to the 
intended use of the tunnel as a waterway. Any face toward the current of the water form- 
ing an angle of thirty degrees or more with the axis of the tunnel, shall be considered an 


abrupt face prohibited. 


The necessity of this provision against roughness was obviated by the later 
decision to line the tunnel with a smooth and practically indestructible lining, 
16 inches thick, of hard-burned Buffalo brick, set in Portland cement. 
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The tunnel as originally projected by Thomas Evershed in the year 1886 
was not intended to be lined; his plans and estimates making no provision 
therefor were approved on July 19, 1886, by State Engineer and Surveyor 
Elnathan Sweet; on May 31, 1887, by Jabez Church, past-president of the 
Society of Engineers of England, and on June 17, 1887, by G. N. Abernethy, 
member of the Institution of Civil Engineers (England). 

The consideration of this matter included the possible necessity, in the in- 
terest of safety and stability in operation, of lining some part or all of the 
tunnel, notwithstanding the great expense involved. 

Advice was sought in many directions likely to afford the guidance of ex- 
perience as well as of scientific forethought. 

Since the dip of the rock strata inclined against the grade of the tunnel, 
which would probably pass from the Niagara hard limestone into the Rochester 
argillaceous shale for its major length, as will be seen by the profile of the 
rock stratification shown on page 49, it was recognized that the situation 
required very careful study. 

The Niagara limestone is probably one of the best building stones on the 
company’s property. The shale is less desirable than the limestone because it 
does not break into good shapes for building uses and its crushing strength 
per square foot is 78.32 in proportion to 100. of the limestone. 

Much investigation locally was made of the various wells, wheel-pits, rail- 
way cuts and river banks, where the shale had been exposed to weather condi- 
tions for greater or less periods. It was found that the exposed surfaces had 
crumbled from the effect of moisture and frost, but not enough to disturb the 
members of the board of engineers who were unanimous, long before much 
progress had been made in the excavation of the tunnel, in the conclusions as 
stated by the chief engineer “that lining is unnecessary for stability, safety 
and economical operation,” and of the hydraulic engineer whose conclusions 
were “distinctly against the construction of a tunnel lining. Considerations 
of attainable economy in the design and construction of the whole work decide 
against it.” Several foreign engineers, who had not visited Niagara, advised, in 
studying the plans for utilizing the water-power, that the tunnel should be lined. 

Dr. Julius Pohlman, of Buffalo, a specialist in the geology of the Niagara 
basin, advised in October, 1890, that the tunnel be lined, and in his public 
lectures in Buffalo called attention to the characteristic of the shale, that upon 
exposure to the atmosphere would expand and lose its cohesive stability. 

Again the quantity element arose in the unprecedentedly large surfaces 
under pressure, in the roof of the great tunnel, freshly exposed to the atmos- 
phere, that became the subject of solicitude. Several test holes were drilled 
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down to the lower lines of the possible tunnel, before commencing work, to 
ascertain the local conditions of the several strata. The cores of rock were sub- 
mitted to laboratory tests and were pronounced satisfactory by scientific ex- 
perts, so far as that limited field of observation could permit. 

In the sinking of the portal shaft a broken seam of shale was encountered 
unexpectedly, that caused renewed scrutiny of the tunnel roof, then sub jected 
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View from below, looking south 


to driving with and without explosives. The three shafts had been sunk to the 
tunnel level and the headings driven for 50 to 75 feet from the shafts. The 
character of the shale was fully shown in this and all other work in the material 
in the several headings and at the portal, where it quickly crumbled upon ex- 
posure to the air, and necessitated timbering to avoid serious falls from the 
roof. Notwithstanding speedy action to avoid danger by timbering, the un- 
expected happened from time to time, and several accidents, with serious in- 
juries and fatalities occurred, while preparations were being made to line the 
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entire tunnel to assure present safety during its construction and confidence 
in the continuity of its service when in operation. 

Two specimens of the cores were examined in London under the direction 
of Professor Unwin. It appeared that the greater part of the shale was made 
of carbonate of lime in small crystals, closely bound by cement that was shown 
in the microscopic examination and seemed to justify the classification of the 
so-called shale as argillaceous limestone. 

It was also seen that the stone was much more fissile in the direction 
of the horizontal strata than expected; a tendency to cleavage that was 
recognized from the slab-like pieces that fell from the roof of the tunnel in 
its excavation. 

By very careful instrumental determination of the width of the tunnel ex- 
cavation at this time, the chief engineer of construction then in charge of that 
work, ascertained that the width of the excavation between the two opposite 
sides decreased measurably in twelve consecutive hours. This characteristic 
was met subsequently in the operation of the wheel-pit as will be explained 
in the reference to that feature of the hydraulic system. 

There was much water encountered in sinking two of the tunnel shafts, 
particularly in Power-house Number Two, where four streams spouted from 
crevices in different strata of the rocks and required special confinement to 
avoid hindrance in the work. 

The most important change in the contract of October 4, 1890, for the con- 
struction of the tunnel, was made in June, 1891, when it was determined to 
line the entire tunnel system with hard-burned brick, laid in Portland cement, 
in four courses. A supplemental agreement for this work was made with the 
contractors as provided in the original contract, should changes of design be 
desired. 

The decision to line the tunnel, as well as all other important excavations 
in the shale, resulted in an increase in the cost of tunnel of $416,000. This im- 
portant increase in the estimated cost of the works, not anticipated by the 
company nor its engineers, was promptly assumed, not only to give safety to 
those engaged in the construction, but in order to assure uninterrupted use 
of the tunnel, confidence in its stability, and the minimum expense in its 


maintenance. 
SLOPE AND VELOCITY OF DISCHARGE 


The slope of the tunnel and the velocity of its discharge were much dis- 
cussed by the engineers, particularly on account of the unprecedented quantity 
of water and the size of the cross-sectional area of the tunnel proposed. 

The Evershed plan provided for a main tunnel with an area equivalent to 
a tolerably smooth tunnel of circular form, 24 feet in diameter, “Its mouth,” he 
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declared, “shall be located as low as high water below the falls will permit. It 
shall have a descent, from a point half mile above Port Day to its mouth, of 
one in one hundred, or 52.8 feet per mile.” 

“If the amount of water which will pass through a tunnel of 24 feet in 
diameter, having a descent of one in one hundred, is used economically under 
heads ranging from 124 feet to 79 feet through turbine wheels of the latest 
patterns, it will give a result equal to 119,000 horse-power; or in other words 
is equal to 238 factories of 500 horse-power each.” 

The first considerations of the hydraulic problem were based upon these 
statements by Engineer Evershed. 

An English hydraulic engineer, of experience and high professional posi- 
tion, who had been invited to submit to the International Niagara Commission 
a project of hydraulic development at Niagara, wrote in anticipation of his 
project, that 


The fall and dimensions of the tail-race tunnel bear so importantly upon the design of 
the hydraulic motors, that I shall be glad to be permitted to suggest that some precau- 
tions may be found necessary to prevent undue change of head in the tunnel beneath 
the motors. 

I suppose none of us have experience of a tunnel working under similar conditions on 
so large a scale; but judging from the behaviour of long culverts running nearly full 
and discharging at high velocities above water, I have some fear that there will be such 
periodic oscillation in the discharge as may permit air to travel up the tunnel a long 
distance at one time, and be suddenly discharged at another, and if this happens there 
may be considerable oscillation of the water level at the head of the tunnel as well as 
considerable retardation of the average flow. Assume the tunnel to be running full near 
the upper end, it certainly will not run full near the lower end, unless some special ar- 
rangement is made by a huge downpipe or otherwise for the outlet end to be constantly 
under water. 


Another engineer declared 


that there would be great instability in the flow through the tunnel, unless the water fills 
it up to the roof or very nearly so, in every part. Water flowing in a rectangular channel, 
a little deeper than 24 feet would certainly have gigantic standing waves if its velocity is 


28 feet per second. 


Other foreign hydraulic engineers favored a tunnel that from first to last 
would be under water or that could be made to run full bore with only part of 
its total required discharge capacity. 

Submergence, some believed, should be only what will enable the condition 
of full bore discharge to be obtained when required, by a gate raised from the 
bottom, but so arranged as to be removed as an obstruction when it is not 
needed. 
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Mr. Herschel’s comment upon these expressions of fear and doubt was, “‘it 
is very questionable to my mind (and my mind is the result of handling water, 
and dealing with it as it acts and moves day after day, and for 25 years and 
over added to whatever learning I may have acquired) whether any wave 
proper be possible in a current running so much as 28 feet per second. So that 
instead of fearing waves, on account of that velocity, I look upon that velocity 
as a safeguard against waves; and tending against oscillation as well.” 


RESULTS OF TUNNEL CONFERENCE 


At the tunnel conferences in London, October, 1890, these and all points of 
view cognate to the great tunnel were carefully considered and after several 
days of sessions devoted to the subject, the following dimensions were unani- 
mously adopted and the results therefrom understood as those considered best 
for the enterprise. 


Tunnel Length from portal to inlet discharge con- 
nection, both points then located, 6700 feet 


Grade 4 feet in 1000 feet, difference of level at ends 26.8 feet 


Grade at portal changed into an ogee com- 
mencing at a point 90 feet from the portal 
and dropping in that distance nearly I} feet 
below the average low water of the river, 
thus permitting fully one half of the tun- 
nel flow to discharge below the surface. 


Portal Top of tunnel arch 9 feet above mean water 
level, equivalent to bottom of tunnel 20 
feet below mean water level, or 11 feet 
below the average low water of the river. 


Cross-section of Tunnel 
Horseshoe section throughout this main tun- 
nel as per design on page 28. 


Velocity per second 26.5 feet 


Discharge per second 
Slightly increased at the portal by the 11- 
foot ogee of the last 90 feet of the grade 8900 cubic 
feet per second 
Horse-power, estimated capacity, full bore 120,000 
horse-power 
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The tunnel has been used to the limit of its capacity on a great many oc- 
casions, the maximum power obtained from the originally installed machinery 
being about 107,000 horse-power in the two power-houses on the inlet-canal. 
The ogee part at the river end probably never was full, the water in that 90 
feet always running much more swiftly than upstream from the ogee. 

Without the ogee, and extending the tunnel section without change to the 
face of the portal, the “back-wash” from such a large quantity of water would 
almost certainly have undermined the portal masonry. It was as a preventive 
of such a catastrophe, Mr. Herschel explains, that the ogee was designed. 

It was understood that some adjustable regulator might be required at or 
near the mouth of the tunnel. This was provided, in the granite facing of the 
portal, by a cast-iron groove bolted to it, also to be used for stop planks to 
keep out the water of the river should it become desirable at any time, for in- 
spection. The stop-plank barrier has never been used. 

Water levels of the river above and below the falls, at the portal of the 
tunnel and at the entrance of the inlet-canal, differ 217 feet, being the total 
fall available, which is utilized as follows: 


Utilized by the turbines 140 feet 
Head lost in the tunnel 49 feet 

Head lost in paper company’s tributary 
tunnel 11 feet 
Remainder, possible useful reserve 17 feet 
Toran 217 feet 


The construction of the main tunnel and the inlet-canal was carried out 
under the terms of a contract awarded in competition, September 12, 1890. 
Work commenced October 4, 1890, and was finished December 20, 1892, 
having occupied two and one-quarter years. 

It was directed by George B. Burbank, member of the American Society 
of Civil Engineers, as resident consulting engineer, assisted particularly by 
Albert H. Porter, resident engineer, William S. Humbert, division engineer, 
and J. C. Tait and George F’. Simpson, assistant engineers, the latter having 
made all designs and details for the construction. 


TECHNICAL DETAILS OF CONSTRUCTION 


The technical details used in the subsequent portion of this chapter were 
chiefly prepared, upon the completion of construction, by Mr. Simpson, who, 
as an expert in stereotomy, was in charge of the tunnel intersections, im- 
portant though minor parts of tunnel design and construction. 
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The tunnel was driven by using a top heading and two benches, from the | 
lower portal and from two shafts located 2540 and 5090 feet respectively from 
the lower portal. The general plan of excavation was to carry forward the 
five headings from the two shafts and the lower portal. ‘The upper bench fol- 
lowed within about 50 feet of the heading and the lower bench was excavated 
a short distance, less than 100 feet, ahead of the tunnel lining. The best 
progress in driving a heading was 94 feet in one week. The record in five 
headings, including upper benches, was 331 feet in one week or an average of 
66 feet at each heading. 


18.84 Fr. X 2150217 File 


CROSS-SECTIONAL 
AREA 335.45 
SQUARE FEET 


Cross-SECTIONAL Diacram or TUNNEL 


The Main Discharge Tunnel has a slope from Wheel-pit Number One of 
0.004 for a distance of about 1700 feet and 0.007 for about 5100 feet to a point 
about 90 feet from the lower portal. It drops 11 feet in the last 90 feet of 
length so that fully one-half of the discharge takes place below the average 
low water of the river. Excepting for the last 90 feet, the tunnel is above the 
level of the river and will drain itself quickly after the water is shut off from 
the turbines. 

The Cross-section is in shape like a horseshoe with toe part upward. The 
bottom, sides, and top are all circular curves. The inside radius of the bottom 
is 29.6 feet, of the side walls 29 feet, and of the top 9.42 feet. At the top of the 
invert, or bottom of the tunnel, itis 14.77 feet wide and the versine of the bottom 
is 0.936 foot. The side walls are 10.671 feet high and their tops are 18.84 feet 
apart. The top is a semi-circular arch. The extreme dimensions inside the 
lining are 21.027 feet in height and 18.84 feet in width, with a cross-sectional 
area of 335.45 square feet. 

Nearly the whole length of the tunnel a heavy timber arch was placed every 
41, feet. These arches were covered with poling boards and the space above 
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packed full of stone, As the brick lining was placed, the space outside the side 
walls and up to about 45 degrees above the spring line of the arch was filled 
with stone laid in cement mortar. Above this the filling was with stone without 
mortar. 

The main tunnel is brick-lined from the portal at the lower river to the ex- 
tension and to a connection with the wheel-pit, a distance of 6950 feet. The 


Brick Liyine or TuNnNEL (Cross-section ) 


last 20 feet of the extension is a reduction of the horseshoe tunnel to one of 
about 84 the area of cross-section. ‘The tunnel was excavated a short distance 
beyond the reduction, whence it was extended in 1902 as the tail-race of 
Power-house Number Two, a total distance of 7438 feet from the lower 
portal. The brick lining of the tunnel is of four rings laid in “rowlock” courses 
and is 16 or more inches thick. The lining course of the invert is of vitrified 
paving brick, and all the bricks used are hard-burned. ‘The bricks are all laid 
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in “stretcher” courses except the special brick at the bottom of the side walls 
and one course of “headers” eight courses above the top of the invert in the 
two inside rings of the side walls. This header course is designed, should it 
ever become necessary to reline the invert and bottom of the side walls, to 
enable the inside rings of the side walls to be removed below this course with- 
out disturbing any of the bricks above it. In building the brick lining the side 


TuNNEL DiscHarcE in Lower River Apzorninc Suspension BripcE 


walls were built first, then the arch, and finally the invert. The first four bricks 
of the inside ring of the side walls are special brick and each extends into a 
course in the invert, thus filling up the triangular space that would be between 
the invert courses and the side walls, where only the usual shaped bricks were 
used. 

Portland cement was used exclusively instead of American’ cement for 
mortar in laying brick and stone masonry in the tunnel and wheel-pit, 


1 So-called “American” or “natural” cement was then largely used. Only a small quantity of Portland 
cement was then made in America, most of that used being imported from Europe. 
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involving an increase in cement costs of about $20,000. This was considered a 
small premium to pay for such an assurance of stability in masonry construc- 
tion, under the special conditions prevailing. 

The portal consists of stone and concrete extending solidly 38 feet below 
the surface of the river to a bed-rock ledge of gray medina sandstone that was 
considered entirely satisfactory as a foundation. 

The portal masonry extends 27 feet below the bottom of the invert, 11 feet 
below the water, 18 feet from the face of the masonry, along the tunnel, and 
42 feet across it. In this are imbedded five heavy longitudinal steel girders 
joined together by transversal girders at every 10 feet on the curve of the 
bottom. One of the longitudinal girders is at the bottom of the invert and 
extends 95.2 feet from the face of the stone masonry measured on a horizontal 
line or 96.08 feet measured on the reverse-curved, or ogee, bottom of the 
tunnel. ‘This girder is so shaped that for the first 6.08 feet it is level, for the 
next 50 feet it forms a curve. concave upward, and for the remaining 40 feet 
of its length it forms a curve convex upward. The other longitudinal girders 
are of nearly the same length and one is placed at the bottom of each side wall 
and one a little above the top of each of them. These girders are covered on 
the inside with steel plates which form the inside of the tunnel to 1214 feet 
above the top of the invert, of the same shape in cross-section as elsewhere. 
The axis of the tunnel like the bottom of the invert is a reversed curve in the 
vertical plane. Behind these plates the spaces between girders are filled with 
concrete; thus the first 95 feet of the tunnel is so bound together that no part 
can be torn off without all going with it, and its size and weight will prevent 
that happening. The curved shape of the profile is designed in part to dis- 
charge the water of the tunnel below the surface of the lower river and so form 
a water cushion for it to strike against. 

The facing of the portal is of granite with a cast-iron groove bolted to it 
for stop-planks to keep out the water of the river if desirable at any time. 
These bolts extend into the masonry behind the facing. The granite used at 
the portal and at the bottom and top of the shafts and the intersections of the 
tunnels from the wheel-pits with the main tunnels was furnished by Brandy- 
wine Granite Company, of Wilmington, Delaware. That at the portal was 
cut at the quarry, except the keystone which was cut at Niagara Falls after 
the remainder had been placed. 

At 2540 feet from the portal is shaft No. 1 and at 5090 feet from the portal 
is shaft No. 2. After the tunnel was completed at these points the shafts were 
reduced to a circular opening 5 feet in diameter, the center of which is 314 feet 
from the center line of the top of the tunnel. At the top of the shafts a brick 
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h of these rings were drawn to scale at Niagara Falls and cut at the 


other circular opening of the same size was left. The six granite stones form- 
quarry near Wilmington, Delaware. 


. 


relieving arch 20 inches thick was thrown across them. Directly over the 
5-foot ring at the bottom of the shaft and in the top of the relieving arch an- 
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(Note Voussoir Numbers’ ) 


Curvep TunNNEL FROM WHEEL-PIT TO THE Matw TUNNEL 


At station 60+46 of the tunnel (60+46 feet from the portal) is the intersection 


intersection, which is of granite, the stones for which were dimensioned by 
1See Volume I, page 250, 


of the circular tunnel fromthe wheel-pit of the 
This tunnel is 7 feet in diameter and lined w 
graphic methods by Assistant Engineer Simpson. 
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Between station 69+80 and station 69+50 the area inside the brick lining of 
the tunnel is reduced to three-fourths of the area to this point, but the horse- 
shoe shape is retained and the same grade for the bottom of the invert. In 
doing this the lines at the top of the invert, at the springing of the arch, and 
at the crown of the arch converge to the corresponding points of the reduced 


View or Inrersecrion oF WueEeEt-rir Numper OnE 
wirtH Main Horsrsnor, TunNEL 


tunnel. The intermediate points on the larger section are connected to cor- 
responding points on the smaller section by straight lines. 

At station 68+73.51 is the intersection of the axes of the main tunnel and a 
curved tunnel of the same size-and shape from the company’s wheel-pit slot. 
The intersection of these tunnels is a novel piece of work. This part of the 
tunnels, as all other parts of this system of tunnels, is designed to carry water 
under a small pressure and therefore must resist an outward, as well as an in- 
ward pressure. Until the tunnel is working constantly to its full capacity the 
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outward pressure will vary from time to time, and hence the resultant pressure 
on the linings will not be constant. 

The main tunnel at the point opposite the intersection of the discharge tun- 
nel from the wheel-pit was constructed as follows: hard Shawmut vitrified 
clay brick was used for about a distance of 50 feet, up to the springing line; 
above the springing line the hard selected Buffalo brick was used. The timbers 
were of Georgia pine, 4-foot centers, with 3-inch lagging. For a distance of 
814 feet above the springing line the backing consisted of rubble masonry 
mixed with mortar of one to two American natural cement. All of the backing 
was laid carefully by hand, and there should be no fear of this backing or brick 
lining failing, as the work was constructed with the idea that there would be 
considerable hydraulic pressure at this point. 

The intersecting tunnel is larger than is usual and is horseshoe-shaped of 
the same dimensions as the main tunnel, being 18.84 feet wide and 21.027 feet 
high inside. Its perimeter is formed by four circular curves, which make, at 
the intersection of the soffit surfaces, six quoins, each a part of a different 
ellipse, since the elements of the surfaces as well as the axis intersect the cor- 
responding elements and axis of the main tunnel at an angle of sixty degrees. 

Having fixed the width in the soffit for each stone generally, this fixed the 
number of stones in each quoin and the necessary changes for the peculiar 
special stones. There being no two stones alike in the whole intersection, all 
were special stones, although a number in each quoin were similar in many 
details. 

MAIN TUNNEL INTERSECTION WITH TEN-FOOT 
CIRCULAR DISCHARGE TUNNEL 


The circular tunnel of 10 feet diameter intersecting the main tunnel of 
horseshoe section at station 69+14 was begun as an outlet for future wheel-pits 
on the north side of Buffalo Avenue. This enters at the level of the top of 
the invert and its extradosal surface extends from below the invert to above 
the side wall of the main tunnel. The arches at the intersection of the tunnel 
from the company’s wheel-pit with the main tunnel will probably most impress 
the observer, but the engineer will recognize in the smaller intersection one of 
the most difficult problems in stereotomy. There are but few possible problems 
more difficult, and probably none so difficult has ever been erected by cutting 
the several stones at one place from drawings and constructing the finished 
work at another place. 

The 10-foot tunnel, in common with the side tunnels, intersects the main 
tunnel at an angle of 60 degrees on a horizontal plane, and its axis is 5 feet 


1See Volume I, pages 250-266, 
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above the top of the invert of the main tunnel. To obtain the proper direction 
for the joints, to resist the load that comes on the stones, a skew arch was used. 
It will be seen that the bottom half would be a left-handed skew and the top 
half would be right-handed and of an equal amount of skew. In an ordinary 
skew arch the face is a vertical plane but in this one the face is formed by part 
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of a horizontal cylinder, the axis of which is 5 feet 8 inches above the axis of 
the intersecting tunnel. 


In selecting the kind of skew arch to employ it was decided to use the heli- 


coidal, although one of its chief advantages, that of all voussoirs being alike 
except the face ones, would be lost, as only face voussoirs were wanted in this 
arch. After deciding upon the number of brick courses in the lining of the 
10-foot tunnel, the size of the stone was adopted so that 16 would make the 


36 


TUNNEL, INLET; AND WHEEL-PIT SLOT 


circuit of the soffit, thus making nine brick courses to bond on the end of each 
stone. ‘l’o do this in a proper manner the rear end of the stones must be cut 
by a plane at right angles with the axis of the smaller tunnel and the side of 
any stone, which reaches into the 10-foot tunnel beyond the next stone to it, 
must be cut by a plane in the axis of the 10-foot tunnel to form a radial 
bed for the brick courses lining the tunnel. As the rear ends of the coursing 
joints all end in the same heading joints spiral, the end of each stone in the 
arch is cut as above. While this bond of the brick on the stones at the end in- 
side the small tunnel was one of the points to be thought of and provided for, 
it was about the last one to care for in the working plans and in cutting. The 
intersection of the soffits of the two tunnels claimed the first attention. This 
was drawn as a problem in descriptive geometry. 

The engineer visited the quarry and directed the cutting of the first stone. 
The remaining stones were cut without any further assistance except such as 
could be given by mail. A similar but larger arch would be easier to cut as the 
difference between successive stones would not be so great, and the size and 
shape of one stone would be a partial guide in selecting a rough stone from 
which to cut the next one. 

As there are no straight arrises in the coursing joints, the stones were set by 
using the three co-ordinates to the several points of each stone. No difficulty 
was found in doing this with the aid of the engineers, although an unusual 
method for a stone-setter. In setting these stones each one fitted its intended 
position in a manner highly satisfactory to all concerned, and the finished work 
is much more exactly as intended than is often obtained in the best straight 
work. As shown by measurements made since the centers and staging were 
removed, no point in the top half is more than 14 inch from the intended height 
above the corresponding point in the bottom half and none more than *4 ¢ inch 
from a plumb line through the corresponding point. 


WATER-INLET OR CANAL 


The inlet-canal extends 1400 feet inward from the river and is 10014 feet 
wide at the inner end. The side walls are straight lines to 175 feet from the 
river where the canal is 13814 feet wide. At about this point, both sides turn 
downstream with a curve so that water entering the canal from the river 
reverses its flow. This is to prevent the ice being jammed into the mouth of 
the canal. As an additional protection from ice, three triangular steel piers are 
anchored to the bottom of the canal in a line across its mouth, and a wide sawed 
timber boom floats in front of the piers and ends of the walls of the canal. The 
bottom of the canal is excavated for much of its length in solid rock, the re- 
mainder being in the heavy clay of the river bed. 'The side walls are 17 feet 
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high and 7 feet thick at the bottom and slope to 3 feet thick at 12 feet from 
the bottom, the top 5 feet being about 3 feet thick. The batter on the water side 
is 1 inch in 1 foot from the bottom to the top. The stone used is a very hard 
curly stone quarried at Buffalo. 

The connections of the smaller canals with the larger one are all formed by 
cut Queenstown limestone and are provided with grooves 5 inches deep and 
12 inches wide for stop-planks. There are twenty-five of these connections or 
inlets in the different parts of the canal, each of which is 14 feet wide and ex- 
tends to the bottom of the canal. At the mouths of those in use are flat bar iron 
racks from the bottom to the surface of the water to stop any floating body. 
larger than 1 inch. Ten of these inlets are designed to supply water to ten 
5000 horse-power turbines in Power-house Number One of the company. All 
of the ten small inlets from the large inlet-canal to the side of the wheel-pit 
slot are connected with the penstocks of the ten turbines. The sides of these 
canals are 53 feet long and are built of Queenstown stone. T'wo pairs of 
grooves are provided for stop-planks near the connection with the large canal, 
and about 14 feet from the lower end a groove is cut in both sides for the head 
gate which is operated by hand or electricity. The water of the canal is 12 feet 
deep at mean low water in the river. 

The construction of these elements of the hydraulic system was commenced 
in August, 1891, and completed in October, 1892, according to the plans pre- 
pared by Engineers Clemens Herschel and George B. Burbank. 


CHRONOLOGICAL RECORD OF HYDRAULIC DEVELOPMENT AND INSPECTION 


The hydraulic system of The Niagara Falls Power Company consisted of a 
diversion of waters from above the falls, of a small portion of the Niagara 
River and the development of the power of such waters by their passage along 
the inlet-canal, down the 130 feet of penstock in the wheel-pit slot, through 
the turbine wheels and by the 6700 feet of the tail-race discharge tunnel, to 
the river basin immediately below the Great Falls. 

The following records constitute a chronicle of the development of this 
system, the occurrences that affected its use, and the various efforts made to 
assure its maintenance, which will be found helpful in considering the 
problems encountered and the methods adopted for their permanent solution. 


October 4, 1890. ‘Tunnel excavation commenced. 
December 20, 1892. Tunnel completed. 
January 20, 1894. Wheel-pit slot completed. 
October 11, 1894. Water admitted. 
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De Courcy May, engineer in charge, reported: 
It gives me great pleasure to state that the entire work has been evidently thoroughly 


well constructed and is perfectly satisfactory, with the canal full of water at its normal 
level. 


October 13-20, 1894. Mr. May further reported that: 


the water was drawn off from the canal without any difficulty of any kind and passed 
through the turbines. I found that the gates, with a full head of water, 12 feet, against 
them, could be easily raised by one man. I had them opened and shut and they worked 
most satisfactorily. 


April, 1895. First turbo-generator tested and successfully operated. 


August 26, 1895. Klectrical power first delivered commercially, for use by 
the Pittsburgh Reduction Company (Aluminum Company of America) in 
the reduction of aluminum ores. 


October 1, 1896. Three 5000 horse-power turbo-alternators in commercial 
operation, with demand for output exceeding capacity. 


November 15, 1896. Buffalo transmission first used commercially for de- 
livery of Niagara power to the Buffalo Railway Company. 


June, 1902. During the shut-down for the purpose of removing the bulk- 
head which separated the tunnel extension to Wheel-pit Slot Number ‘Two 
from the eastern or upper end of the original tunnel, an inspection was made 
of the waterways between Wheel-pit Slot Number One and the portal, and 
all was found in excellent condition. 

This shut-down was of special interest by reason of the arrangements that 
were made to provide the minimum of current required by important cus- 
tomers. The Buffalo Railway Company started up its steam plant and by the 
reversibility of the distributing and transforming system, the customers in 
Buffalo and in Niagara Falls received their supply from the steam-driven 
600-volt direct-current generators, by reverse process as follows: rotary con- 
verters receiving direct current changed it into alternating, which was raised 
by reversed transformers to 11,000 volts and in that form supplied to the 
Buffalo distributing system in lieu of current from Niagara. This 11,000-volt 
current raised by reversed transformers at the Buffalo terminal house to 
22,000 volts was supplied to the transmission lines and carried to the power- 
house at Niagara Falls, was there stepped down to 2200 volts, and supplied to 
customers, and at the end of that period was utilized for synchronizing with the 
newly started Niagara generators, which thereupon reassumed the load. 

If the Buffalo steam plant had been large enough the entire local Niagara 
Falls load might have been supplied in reversal of the customary procedure, 
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by means of the same links through which just previously the Niagara current 
had been stepped up as usual from 2200 to 22,000 volts, transmitted over the 
same wires to the terminal station in Buffalo where it had been stepped down 
to 11,000 volts, and then distributed to the railway company to be transformed 
and converted into 600-volt direct current, and to other customers to be 
stepped down and converted as variously required. Philip P. Barton, superin- 
tendent of the Niagara plant, describes his preparations and actions as follows: 


In line with arrangements that had been made to permit the removal of the bulkhead in 
the tunnel, our local load was reduced at 7 o’clock a. m. on May 31st to approximately 
5000 horse-power. All alternators were shut down, with the exception of Nos. 2, 3 and 4 
supplying the long distance load and No. 10 supplying the reduced local load, consisting 
mainly of the railway plant, the local lighting company, about 2500 horse-power to the 
Castner Company and motors and lights of many of the local tenants. About 6 p. m., in 
order to reduce still further the water level in the tunnel, the load of the Castner Company 
was reduced to about 500 horse-power. At 7 p. m. the steam plant of the Buffalo Railway 
Company picked up 3000 horse-power of the long distance load. The local and long 
distance loads were put in parallel, Unit No. 9 was started and Units Nos. 2 and 4 were 
shut down, leaving Units Nos. 3, 9 and 10 to carry the remaining load. 

At 1 a. m. on the Ist inst., the remnant of the local load was shut down and the long 
distance load was reduced to a point where it could be carried by the steam plant of the 
Buffalo Railway Company. 

The steam driven 500-volt generators of the Buffalo Railway Company were paralleled 
with the rotary converters on the direct current side. Alternators Nos. 3 and 9 had 
already been shut down and the speed and voltage of Unit No. 10 were gradually 
reduced until the steam plant had taken practically all the load. The 22,000-volt circuit 
breakers in the terminal house were then opened, thus leaving the steam plant driving 
direct-current generators, which supplied current to the rotary converters, running them 
as direct-current motors. The current from the alternating current end of these con- 
verters was supplied to the low voltage coils of the transformers which were thus trans- 
posed from step-down to step-up transformers, charging the cable system with 11,000- 
volt current. This was transmitted to the Wilkeson Street Station, where, as usual, it 
was stepped down and transformed to meet the various requirements of the Buffalo 
General Electric Company. In this way a large portion of the load of the Cataract 
Power & Conduit Company was supplied without the slightest disturbance in continuity. 

As soon as the Buffalo load was cut off, the alternator switch on Unit No. 10 was 
opened and the power-house lights were transferred to the circuits supplied from the 
Canadian power-house. The kodak outfit had previously been started and was supplying 
the arc lights, and the exciters and air compressor were then shut down. The only 
machinery left running in the power-house was one of the rotary exciters supplied from 
the Canadian plant to furnish power for the traveling crane in Power-house Number Two. 
; At 7:24 a. m., notice was received from the Construction Department that the work 
in the tunnel had been completed. The water-driven air compressor and the two turbine 
exciters were immediately started and while the large penstocks were being filled, the 
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22,000-volt circuit breakers in the terminal house were closed, thus charging the trans- 
mission line through the terminal house transformers from the 11,000-volt cables sup- 
plied from the steam plant. 22,000-volt current was thus brought to our step-up trans- 
former house where it was stepped down and delivered to our bus-bars at 2200 volts. The 
ultimate object of this procedure was to furnish current for the Lincoln synchronizer, so 
that one of our generators might be synchronized with the steam plant in Buffalo. This 
was done successfully as soon as the first generator was ready to start. The load was 
then transferred from the steam plant to this generator, and Niagara power was once 
more delivered in Buffalo without any break in the service, so far as many of the users 
in Buffalo were concerned. The first generator was synchronized with the Buffalo steam 
plant at 7:35 a. m., just eleven minutes after notice to start had been received. Two 
minutes later the first machine was connected with the local load. Direct current was 
delivered to the railway circuits in Tonawanda at 7:50 a. m. and Lockport was notified 
to take load at 8 a.m. Direct current was supplied from the local railway plant at 8:05. 

The entire plant in shutting down and starting up was handled skillfully and promptly 
by the electricians in charge under the immediate supervision of Mr. Giboney. There was 
a delay in shutting down of about twenty minutes due to the manipulations required in 
Buffalo in transferring the load without interruption from Niagara power to the steam 
plant. The only mishap incident to the entire proceeding was the burning of the General 
Electric direct-current circuit breaker on No. 2 railway converter panel caused by 
defective working of the breaker when opened at 1 a. m. preparatory to shutting down 
the railway plant. The main result of this was some spectacular fireworks, the actual 
damage being very slight. 

The arrangements made and carried out for transferring a considerable portion of the 
Buffalo load to a steam plant for a few hours and then transferring it back again without 
interruption of service are interesting as an illustration of the flexibility of our long 
distance distributing system. With a steam plant in Buffalo of sufficient capacity, it 
would be possible not only to supply the important Buffalo tenants but to send to Tona- 
wanda, Lockport and Niagara Falls all the power required to operate the interurban 
trolley lines and for other purposes. 


June 14, 1908. To enable the International Railway Company to inspect 
the abutment of its steel arch bridge adjacent to the portal of the American 
tunnel, both the American power-houses were completely closed down for five 
hours, and the wheel-pit slots and tunnel were drained. Careful inspection at 
that time developed that the wheel-pit slots and the tunnel between Wheel-pit 
Number One and the portal, about 114 miles, were in excellent condition. 'The 
stockholders were duly informed, February 16, 1909, of these matters, in part 
as follows: 


In the tunnel extension the lining was found broken in the roof in two places: one near 
the junction with the original tunnel, where a few bricks had fallen, the other near the 
junction with Wheel-pit Number Two, at which point a portion of the roof had fallen 
for some distance. It was evident that the injuries had existed for some years, and it was 
subsequently determined by our engineers that the primary cause of the breaks was 
squeezing due to rock pressure that occurred after the tunnel brickwork was completed, 
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and doubtless that was occasioned by blasting in the unfinished excavation of Wheel-pit 
Number Two. Preparations for repair work were begun immediately, and on July 19th 
both power-houses were again shut down, Number Two remaining inactive until the full 
completion of the repairs on August 2nd; Number One being operated between July 28th 
and the night of August 1st, Wheel-pit Number Two and the adjacent part of the tunnel 
meantime being shut off by a temporary bulkhead. 

Advance information of these shut-downs, with an invitation to inspect the tunnel and 
wheel-pits, having been given to the International Waterways Commission and to the 
United States Lake Survey, both bodies availed themselves of the opportunity for ex- 
amination and careful measurements and of otherwise securing data in respect of the 
amount of water diversion and of the effect of this diversion upon lake and river levels 
and upon the scenic beauty of the falls. 


This invitation was fully availed of for a period of ten days beginning. 
July 19 and ending August 2, 1908. It is stated in the report of November 30, 
1908, by Major Charles Keller, that the opportunity was used with gratifying 
success. f 

The details of these observations are given in Chapter VIII, entitled “The 
Shut-downs of The Niagara Falls Power Company,” pp. 87-44; Chapter IX, 
“Effect on Lake Erie,” pp. 44-49; Chapter X, “Effect on Niagara River 
above the Upper Rapids,” pp. 49-52, and Chapter XI, “Effect on Rapids and 
Falls,” pp. 52-56, of the Report of Francis C. Shenehon, principal assistant 
engineer, commencing on page 18 of Major Keller’s report to the chief of 
engineers, United States Army, printed in Preservation of Niagara Falls, 
Message of the President, Senate Document No. 105, Sixty-second Congress, 
First Session, 1911. 

All necessary power deliveries during these two shut-downs were continued, 
without interruption, from the Canadian plant and from available surplus 
power of The Electrical Development Company of Ontario, Limited. 

In the report of W. Edward Wilson, secretary of the American section of 
the International Waterways Commission, attached to the Fourth Progress 
Report of that body to the United States Secretary of War, dated December 1, 
1908, it is stated that the effect of the aggregate diversion of the two power 
companies on the American side was a lowering of the surface of the river at 
the crest of the American Falls (Prospect Point) to the extent of 0.032 foot, 
about 34 of an inch. 

A. H. Van Cleve, consulting engineer, in charge of the repairs of 1908, 
reviews in his report’ of August 5, 1908, the theories as to the principal cause 
of damage to the tunnel lining and concludes as follows: 

I believe, therefore, that as the destructive forces have now ceased to act, we may have 


a comfortable assurance as to the future stability of the tunnel. 
' Appendix J, Volume II, 


TUNNEL, INLET, AND WHEEL-PIT SLOT 


July 10, 1921. The head gates at the two Niagara plants were shut down 
at 12:30 a. m. for about five hours, for the purpose of inspecting the wheel-pit 
slots and the tunnels, and particularly of ascertaining the condition of the 
tunnel downstream from the shaft at Erie Avenue, where the rock excavated 


INsPECTION oF Racks on INLETS FROM CanaL TO TuRBINE PENSTOCK, IN PoWER- 


HOUSE NuMBER One. (A. C. Dovetass’ 1x Divine Suir.) 


from the adit of the new pressure tunnel to the Hydro Station 3-C had been 
dumped through shaft Number Two into the main discharge tunnel. 

None of the rock which had been dumped down the old Erie Avenue shaft 
was found in the tunnel. Scratches through the thin, oily, slippery film that 


1 Anthony C. Douglass, 1855-1922, mining engineer and contractor on inlet-canal, wheel-pit, and its 
tunnel. Mayor of city of Niagara Falls, 1907-1911. 
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covered all the brick linings, showed where the rock dumpage had been carried 
away into the river. The brick lining had not been injured or disturbed. 
The brick and other masonry work in the wheel-pit slots and tunnels were 
reported to be in perfect condition. 
Because of the repairs found necessary when the tunnel was examined in 
June, 1908, where the water discharged from the wheels of Power-house 
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Anthony C. Douglass, contractor, marked X. 
Rock Excavation 1x WHEEL-PIT Stor or PowER-HOUSE NuMBER ONE SHOWING 
Group or Construction Men anp Encinerrs, Marcu 13, 1892 


Number One met the waters from Wheel-pit Number Two and the ice cur- 
rents from the ice shaft, careful examination was made at this time of the state 
of the masonry between Wheel-pit Slots Numbers One and Two, and the roof 
and sides of the tunnel near the ice shute connection. 

No injuries or disturbances were found and the inspection party, all com- 
petent for this investigation, agreed in pronouncing the entire underground 
water system to be in fine condition. 

The slimy covering of the interior surface of the tunnel is considered an 
advantage as it protects the surface of the brick and stone of the walls from 
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the friction of the ice and other substances brought along by the swiftly 
moving current and facilitates their passage with a minimum of abrasion. 


WHEEL-PIT SLOT NUMBER ONE 

At the bottom of the wheel-pit in Power-house Number One for 349% feet 
in height are massive brick walls which line the wheel-pit in the top of the shale 
rock and carry the cross-girders that support the penstocks and wheel-casings. 
At the top of the wheel-pit from the floor of the power-house down to durable 
rock the sides are lined with stone masonry in which are built the skew-backs 
for stone arches under the dynamos. 

These arches have a span of 21 feet and a rise of 5.8 feet, or a radius of 12.4 
feet, and at the time they were designed it was expected that the stationary 
parts of the dynamos would weigh 90 tons. This, with the allowance for stone 
foundations for the dynamos, made a very heavy load on the crown of the 
arches. In addition to this it was necessary to make an opening 5 feet in 
diameter through the crown for the shaft of the turbine. Two of the three 
arches built are 2014 feet long and the third one is 22 feet long. The great 
weight of these arches and their loads has a purpose, for were there any vibra- 
tion in the fast running dynamos it would be absorbed by the mass of the 
supports and would not become perceptible. 

In arranging the designs for the construction of the wheel-pit slot and the 
installation of the turbines, it was considered necessary not only to establish 
proper relations of hydraulic slope with the main tunnel, but, because of the 
novelty of the undertaking, to allow ample space for changes in the machinery 
and modifications or additions in construction in the wheel-pit. The turbines 
were therefore placed for safety before maximum efficiency, believing that 
such precaution, even if proved later to have been unnecessary, was never- 
theless a good risk to take. Draft tubes, now in use, were not employed in 
early turbine construction. 

The wheels were located above the probable reach of back-water from the 
main tunnel, thus avoiding the drowning of the turbines and interfering with 
the operation of the wheels by the flooding of the wheel-chambers. 

It was also deemed important to provide safe access to any of the turbines 
for their examination without being obliged to shut down other turbines. 


CABLE SUBWAY AND CONDUIT 
The distribution of electricity for local use was made from the transformer- 
house by means of a tunnel of concrete, of horseshoe shape, with the heel at the 
base. On the inside, iron brackets were placed on each side of the tunnel, each 
bracket to carry in grooves four lead-covered copper conduits, as shown by 
the following section of the subway. 
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A wooden platform over a drain provided a convenient access for inspection 
of the cables. This tunnel was constructed for about 2000 feet, at the end of 
which the cables were raised to the arms of a wooden pole aerial line for ex- 
tensions as were required. 

In extending the local distributing system in 1899, it was found advan- 
tageous, in order to avoid possible damage and interruption, to substitute for 


SAH Nak I 


Cross-sEcTION oF SuBWAY 


the subway a conduit of concrete containing thirty-six 38-inch ducts, as shown 
herewith. 

By the use of this arrangement of cables, important losses were avoided by 
reason of the lead sheaths being grounded in the subway tunnel and in many 
cases in contact with each other. The cost of construction, including man- 
holes, was reduced about one-half by the conduit. This form of transmission, 
largely, if not altogether, prevented an accident by one cable damaging its 
neighbor and avoided the possibility of cables being violently thrown about 
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by the repulsive effects of heavy short circuits, as had frequently happened 
in the tunnel. 

A short circuit at the transformer-house of the Pittsburgh Reduction Com- 
pany, nearly one-half mile distant from the power-house was sufficiently 
violent to throw one of the lead covered cables, about 114 inches in diameter 
and weighing approximately five pounds per foot, from its iron bracket com- 
pletely across the cable subway, 3 feet wide, where it was found transferred 
to the next lower bracket on the opposite side of the subway for practically 
its entire length of 2000 feet. 

While it was more difficult in some instances to locate a fault in cables in 
conduits, this disadvantage was considered fully offset by the less danger that 
a short circuit in one pair of cables would involve other cables, as was the ex- 
perience with the subway system. 
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HYDRAULIC MAINTENANCE 

The maintenance of a hydraulic system above described, in many respects 
unique and particularly.so in the quantities of natural products excavated 
and those utilized, required close observation for unexpected phenomena and 
especially for weaknesses and strains from natural and artificial pressures. 

The operations of the system were intended to be continuous, night and day. 

Many uses could not be observed while the operations continued, and 
possible results were considered danger points in the maintenance problem 
until examinations disclosed the full effects of operation and the possible re- 
quirements ascertained and provided that would assure continuity of power 
development and distribution. 


1 Now Aluminum Company of America. 
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ROCK EXPANSION AFTER EXCAVATION 


The unexpected development of expansion in the freshly excavated walls 
of the tunnel, while under construction, commanded watchful attention to 
the geological formations in which the hydraulic system had been constructed. 

The geological formation in which the three wheel-pit slots are excavated 
consists of 10 feet or so of glacial drift overlying a dark gray dolomite about 
150 feet thick under which is a soft bluish gray argillaceous shale. 

Wheel-pit Slot Number One containing the ten turbines which were first 
installed required an excavation 20 feet wide by 425 feet long with an average 
depth of 182 feet. Wheel-pit Slot Number Two and that of the Canadian 
Niagara Power Company have been constructed by similar excavations. 

The accompanying diagrams show in section the rocks above mentioned as 
well as other rocks exposed in the Niagara Gorge. The relation of one of the 
wheel-pit slots and the tail-race tunnel to the rock formations is indicated as 
well as the stratification at the portal of the tunnel. 

The Lockport dolomite forms the rocky brink of the Niagara Gorge 
throughout much of its length and is the rock over which the water falls. The 
massive layer of dolomite strongly resists the erosive effects of the water, but 
the softer underlying rocks at the base of the falls are more quickly worn by 
the impact of the falling water and by the action of the air and frost where 
exposed above the surface of the pool below the falls. By the wearing away 
of the soft shale the harder layers are undermined until the overhanging 
masses of dolomite and limestone break off and fall into the pool below. 

The question of the stability of the walls of a long deep excavation would 
naturally confront any engineer undertaking work of such character. For- 
tunately there was nature’s example to draw conclusions from, for at several 
places in the gorge as well as under the falls, as just referred to, the walls are 
vertical or overhanging to a marked extent. One would therefore come to the 
conclusion that if protected from the erosive action of the elements the wheel- 
pit walls should stand for many years. 

However, upon the completion of Wheel-pit Slot Number One in 1900, to 
the dimensions of 424 feet in length, 17 feet in width, and 178 feet in depth, it 
was discovered that the side walls were perceptibly moving inward, slightly 
bending the beams and girders which were placed across the pit for the purpose 
of supporting the machinery. Steps were promptly taken to stay the movement 
by means of heavy blocks of masonry placed between the side walls at points 
between the turbines, also by means of heavy cast-iron braces at other 
points wherever they would not interfere with the operation and maintenance 
of the machinery. 
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NIAGARA POWER 


The President reported to the directors at their meeting, December 28, 
1897, that the movement of the walls of the wheel-pit slot had stopped, that 
there had been no indication of movement since August 15, 1897, and that 
the total cost of strengthening and lining the original wheel-pit slot and its 
extension for the complete equipment of ten hydro-electric units, would 
probably not exceed $125,000. 

It was with no little anxiety that the officers of the company viewed the 
movement and there was great relief when it subsided and could only be de- 
tected by careful measurements. 

Subsequent experience has shown that the greater part of the movement 
occurred during and shortly after the completion of the excavation, depend- 
ing more or less upon the amount of blasting going on in the vicinity and was 
undoubtedly due to the relieving of internal stresses generally existing in 
the earth’s surface. 

Just how much the walls moved while the excavation was under way is not 
known. The maximum movement observed since the completion of the lining 
of the wheel-pit slots is about 4 inches measured just below the turbine deck 
near the middle of the Canadian wheel-pit slot. There has also been some up- 
ward movement observed at the bottom of the Canadian wheel-pit slot. 

A method of regularly measuring the movement of the walls was instituted 
at an early date. It consisted of measuring between rods or pins about 1 inch 
diameter set opposite each other in the side walls of the pit. 

A measuring bar consisting of a steel tube of known length and somewhat 
shorter than the distance between the pins was held, one end against one pin, 
while the space between the end of the bar and the second pin was measured 
by inserting a graduated glass wedge. This method served the purpose so 
long as there was an appreciable movement, but after the walls reached a 
nearly stable condition the movement became so small that the method was 
found to be too crude. 

In 1908 a new measuring apparatus illustrated on page 53 was devised 
which had the following improvements: 


(1) ‘The pins were provided with hard bronze tips to avoid error from the 
rusting of steel tips; (2) the measuring bar was designed so that it is auto- 
matically held in the same position and with the same pressure against the 
pins after being laid upon them; (3) a screw type micrometer capable of 
measuring to 0.0001 inch is used; (4) length of measuring bar is corrected 


for temperature at time of measurement; and (5) the apparatus can be 
handled by one man. 
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Since January 1, 1909, measurements made once each month at several 
points in all of the wheel-pit slots have been recorded and plotted in curve 
form. Two curves which are typical of the others are herewith reproduced. 
Curve A-5 shows the movement of the walls near the middle of Wheel-pit 
Slot Number One at the thrust deck and Curve C-5 near the middle of the 
Canadian wheel-pit slot, at the turbine deck. Measurements at the middle 
of the wheel-pit slots are chosen for illustration because it is there that the 
movement is generally the greatest. 


Measurine InstruMeEntv or 1908 ror DETERMINATION OF EXPANSION AND 
ConTRACTION OF WHEEL-PIT WALLS 


It is to be noted that no positive movement of the walls of Wheel-pit Slot 
Number One has occurred in the last nine years, but there is a seasonal vari- 
ation in the width of the pit of about 0.06 inch which is equivalent to about 
1%, of an inch. The pit is widest in April and narrowest in September. 'The 
conclusion to be drawn is that the walls expand in the summer and contract 
in the winter due to seasonal variations in the temperature of the atmosphere 
which has been observed to be between 32 and 80 degrees Fahrenheit. Simi- 
larly it is to be quoted that Curve C-5 shows a seasonal variation in width of 
about 0.07 inch which is slightly more than 14 of an inch and that a positive 
narrowing of about 0.7 inch or nearly °4 of an inch has occurred since Jan- 
uary 1, 1908. 
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When the first three generating units were installed in Wheel-pit Slot 
Number One the various steel beams and girders spanning the pit for the pur- 
pose of supporting various parts of the machinery and the floors had their ends 
bedded in the walls. The movement inward of the walls resulted ina slight buck- 
ling of both beams and girders and those most affected were, as a matter of pre- 
caution, replaced. In order to prevent a recurrence of the damage another 
method of support was adopted consisting of supporting the beams on the 
upper horizontal surfaces of projecting cast-iron brackets which were bedded 
in concrete in the walls so that they could slide one upon the other should undue 
pressure be exerted by the walls. Similarly the turbines and the lower elbows 
which form the supports for the penstocks are carried upon heavy cast-iron 
brackets. At first it was customary not only to bolt the machinery and pen- 
stock elbows to the brackets, but also to key them on both sides to avoid any 
possible disturbance of their alignment. The keys had to be cut out from time 
to time when the effects of the squeezing action became apparent. Later the 
plan of keying to the brackets on only one side of the wheel-pit slot was 
adopted so that by simply slacking off the bolts on the other side the compres- 
sion is relieved and the bolts are again tightened. On account of the precau- 
tions taken no damage of any note has resulted. 

The horizontal struts or columns which have been referred to as having been 
placed across the wheel-pits to stay the movement of the walls are considered 
of doubtful value and have been omitted in the extension of the Canadian 
wheel-pit. Apparently the inward movements continued between the columns 
and their effect was only local and had apparently ceased at about the close 
of the year 1907. 

The subject of the movement of the side walls of the wheel-pit slot was sub- 
mitted for examination and report to Prof. J. F. Kemp, geologist, and 
Messrs. Olcott, Fearn and Peele, mining engineers, as expert engineering 
consultants. 

Reports with plans and recommendations were also prepared by Messrs. 
Sellers, Herschel, Brackenridge, and Kuichling, of the company’s board of 
engineers at that time. 

The board of directors of the company, on July 28, 1897, authorized the 
strengthening of the walls of the then wheel-pit slot and its full extension, ac- 
cording to plans submitted, by the construction of masonry walls or supports 
and struts between each two units of turbine machinery; the side walls were 
increased 4 inches in thickness. 
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MATERIALS AND MEN 


In the construction of the main tunnel, inlet-canal, wheel-pit slot and power- 
house, the greatest number of men employed at any one time was about 2500. 

The material removed amounted to 600,000 tons. The principal materials 
used comprised 16,000,000 bricks; 19,000,000 feet of timber and lumber; 60,- 
000 cubic yards of stone; 55,000 barrels of Portland cement; 12,000 barrels 
of natural cement; and 26,000 cubic yards of sand. 
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A systematic record of the progress of the work was made by photographs 
taken by members of the engineering corps of all construction above ground. 

A. general idea of the conditions from time to time, under ground, was also 
recorded by photographs of selected points of special interest. 

The two members of the special corps of engineers, whose duty it was to be 
on call, day and night, to give the necessary lines and grades for the tunnel 
boring and also for the timber lining are shown above. 
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Pressure tunnel extending from hydraulic canal to 
Power Station 3-C, 1922. 


John Lyell Harper 
(1873-1924), vice- 
president and chief 
engineer of The Ni- 
agara Falls Power 
Company, designer 
of the pressure 
tunnel, 


Penstock outlet, 70,000 horse-power turbines, in 
Station 3-C, 1922. Figures from left to right: 
Gibson, Harper, Johnson, Dales, and Bernstein. 
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comprising the two hydraulic systems acquired by consolidation 

in 1918, subsequently enlarged in 1923, by construction of a 

pressure tunnel under and practically parallel with the canal, 
a distance of about 4300 fect 


Hydraulic Canal, opened 1857, from Port Day, on Niagara River above the 
falls to a canal basin on the bluff, and that has since supplied the fore- 
bays for Stations 3-A and 3-B, on the river bank below, with hydro- 
electric machines of 245,900 horse-power capacity. 


Tail-race Tunnel of Niagara Plant discharging the water from 21 turbines, of 
115,500 horse-power capacity, located in Power-houses Number One and 
Number ‘Two, the latter completed in 1904, on an inlet-canal from the 
Niagara River above Port Day; the tunnel passing more than 100 feet 
below the hydraulic canal to the portal discharge into the river below 
the falls. 


Pressure Tunnel of Hydraulic Plant, in operation 1923 from Port Day 
on Niagara River, passing 45 feet over the discharge tunnel from the 
upper river plant, and 110 feet under the hydraulic canal, 4300 feet, to 
the forebay of Power Station 3-C, located below the bluff on the river 
bank, where three hydro-electric units of 70,000 horse-power each, a 
total of 210,000 horse-power, are in operation. 
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THE PRESSURE TUNNEL 
On March 2, 1921, three years after the consolidation of the Hydraulic 
Power Company of Niagara Falls and The Niagara Falls Power Company 
to form The Niagara Falls Power Company, Mcmxvitt, the Federal Power 
Commission issued a license giving to the consolidated company the right for ° 
fifty years to use all the water permitted to be diverted above the falls on the 
American side of the Niagara River. This license, the first to be issued by the 
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CoMPARATIVE Cross-sEcTIONS OF TUNNELS ConsIpERED 


Federal Power Commission also gave formal approval to plans already de- 
veloped by the company for reserving Power-houses One and Two for 
“stand-by” service and employing the water in a second extension to Hy- 
draulic Station 3-C. 

To deliver this water at the proposed new plant a pressure tunnel was 
adopted. The tunnel was designed by John Lyell Harper, vice-president and 
chief engineer of The Niagara Falls Power Company, mcmxvit, for a 
capacity of 10,500 cubic feet of water per second at a velocity of 12 feet per 
second, It is cut in solid rock and is concrete lined throughout its entire length 
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of 4300 feet. The insert (pages 57-58) indicates the course of the tunnel and 
its grades and also shows its proximity to the canal and to the discharge tunnel. 

Comparing the cross-sections of the discharge tunnel, indicated on the dia- 
gram on page 60 as the “Herschel Tunnel” of 1890, with the “Harper Tunnel” 
completed in 1923, we see that the discharge tunnel is of horseshoe form, 21 
feet high and 18 feet 8 inches in maximum width, while the pressure tunnel 
of similar form, is 60 feet high and 60 feet wide at the intake portal, decreasing 
in cross-sectional dimensions, 150 feet from the portal, to 32 by 32 feet. 
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THe Nracara Farts Power Company, 
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POWER-HOUSES AND THEIR USE 
CHAPTER XVIII 


ARCHITECTURE 


Ta time when all new construction at Niagara Falls was considered from 

the point of view of the interest of the public in conserving the scenic beau- 

ties of the Great Falls and of its islands and river banks, so recently acquired 

by the state and set apart as its reservation for the enjoyment of its citizens and 

their visitors, the erection of a conspicuous structure on the river bank, within 

view of the reservation, became a question for the careful study of public 
sentiment as well as of architecture. 


THE POWER-HOUSE 


It should be different (from others)—not a mill over a water-wheel with 
its old time mill-race and tail-race, but the housing of the torrents of Niagara, 
driven in its harness to hidden depths, where divested of its mighty power it 
speeds like a flash to distant use, long before its tail waters can return to their 
normal flow. 

It should be attractive, artistic in grandeur, dignified, impressive, enduring 
and monumental. ‘The souvenir pictures carried away by the visitors should 
include one or all three of the power-houses. 

The climate was well known as severe in the winter season. The records of 
low temperature, fierce storms sweeping down from the Arctic North, across 
the lakes and along the river, with snow and ice, were familiar to the residents 
and thought by many to presage difficulties in hydraulic operations, to secure 
for continuous manufacturing, the power of the overwhelming current. 

The power-house should be protective, invite confidence and afford shelter. 

The project was admitted to be very different from previous efforts to 
harness the mighty power. The monster water-wheels were buried far out of 
sight in the native rocks and although it was officially declared the diversion of 
the water from the falls “would not affect the depth of water flowing over the 
falls to an extent that would be visible,” the public—like the visitors to the 
Centennial Exhibition in Philadelphia in 1876 who “wanted to see the wheels 
go ’round’—would manifest a similar but greater interest at Niagara and 
wish to see the “harness” of the great cataract. The visitors wished to under- 
stand the process, know what became of the water diverted, and how it would 
be possible to translate the water-power into an electric power that would 
escape to Buffalo unseen, over simple wires, and there move the pumps of that 
city’s water-works, the trolley cars in its streets, and take the place of steam 
engines in its factories. 
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The power-house should be instructive and afford a demonstration and an 
exhibition. 

Here were three important considerations in the design of the power-house; 
it should be attractive, protective and instructive. 

Although the building must of necessity be large, proportionate to the 
amount of power to be developed, and probably, in due time, to be duplicated, 
it should express in its design the purpose of its construction. 

By the use of the native stone, as the oldest inhabitant had recommended 
by building his own home of that material, and keeping the surface of the 
stone roughly trimmed, the character of the structure would be defensive, as 
against the storms without, and protective of the valuable machinery enclosed 
therein. 

Provision should be made for the admission of the public without danger 
to themselves and without interruption to the service, and for intelligent and 
helpful guides who would explain the methods of utilization and distribute 
the literature provided. Each visitor should learn enough to desire to know 
more, and should be impressed by the evidence that the managers of the enter- 
prise had confidence in the investment of their own capital, and had built for 
endurance and continuity of operation. 

Messrs. McKim, Mead and White, architects, of New York, were requested 
to prepare plans for the power-house and its conduit bridge and transformer- 
house, according to the foregoing requirements and such as might be de- 
termined by the board of engineers of the company in connection with the 
installation and operation of the hydraulic and electrical machinery provided. 

The general lay-out of the power-house location is indicated upon the 
diagram on page 19, which also shows the location of the second power-house 
and the provisions therein of a covered forebay found necessary to exclude 
ice and to admit water from below its normal level in the power canal. 

Above ground the stone Power-house Number One had a length of 200 feet 
when first constructed, that was increased to 450 feet when ten turbines were 
installed in the wheel-pit. The eaves are 40 feet from the ground, and the 
ridge is 20 feet more. Circular topped windows 14 feet wide and 15 feet 2 
inches high are recessed in the thick walls of the building. The tops of these 
recesses are elliptical arches formed with very long voussoirs. These arches 
with the circular ones over the windows are one of the striking features of the 
building, which is so well proportioned that a stranger does not estimate 
the parts nearly so large as they are. The width of the building is 6924 feet 
except for 437% feet deep on the front, where the administration office of the 
company makes a width of 102 feet. 
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HEATING BY ELECTRICITY 


The heating of the power-house was a subject of conferences in the autumn 
of 1894. The architects included chimneys in their preliminary plans for the 
building. Some of the directors thought a comprehensive heating system 
requisite because of the climatic conditions that made inside heating necessary 
to protect the operatives from the Arctic conditions without, in the long winter 
season. 

Electric heaters on the scale required in so large a hall as that of the power- 
house were not then commercial. One estimate was that 700 horse-power would 
be required to heat the house electrically. Having confidence that the ten 
alternators would provide all the heat required when they were in full 
operation, and that therefore the want was a temporary one that should be 
supplied without delay and in an inexpensive manner, Paul M. Lincoln, 
superintendent of electrical construction of the company, was requested to 
consider the matter with the purpose of providing the heating wanted. At his 
suggestion the power-house was equipped with a number of heater coils that 
were suspended above interference on each side of the power-house. They 
were made of iron wire, of the proper size and length to give the necessary 
electrical losses for heating the plant, and were operated directly by the 2200- 
volt current of the alternators. As now recalled, the wire coils were about 3 
feet in diameter and 5 to 6 feet in height, and because of their dangerous poten- 
tial were raised above the reach and possible injury to the attendants or visi- 
tors. The device was successful and continued in use until the heat from the 
increased number of machines in operation rendered them no longer necessary. 
These coils might have been given a place in a museum of scientific appliances 
as one of the earliest instances where heaters were operated at so high a voltage, 
but they were scrapped and no photographs retained by a grateful staff. 

The administration offices were heated by the small electric heaters that 
were then available in the market for electrical supplies. 


FOUNDATION CONSTRUCTION 
The views on pages 68 and 69 show various stages of the construction of 
the wheel-pit slot and the power-house. 
WHEEL-PIT SLOT 


One of the problems resulting from the Evershed project, to utilize so large 
an amount as 200,000 horse-power, was that of the wheel-pits; how to arrange 
them with their water conduits and ample space for factories. By long-estab- 
lished custom, each factory was located as near as possible, generally directly 
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over the pit containing the water-wheel or by its side, in order to make the 
shortest possible connection between the source of power and the machines 
for its use. Estimating the maximum power requirements as 500 horse-power 
for each factory, a wheel-pit was designed that contained four wheels, one at 
each corner of a square shaft, with an elevator in the middle for service and 
inspection, and a single surface conduit, surrounding the large shaft or pit 
with the water at the top to be supplied to each wheel as required. This method 
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Excavatep Stor, Aucusr 21, 1893 
View from Above 


is outlined by the plan shown in Chapter XVII. The location and construc- 
tion of four separate factories and their railroad facilities under these con- 
ditions were inconvenient and impracticable on the large scale of power use 
proposed, although it reduced considerably the necessary excavations of water 
conduits by combining four pits in one. 
TRANSFORMER-HOUSE 

On the east side of the inlet-canal is the stone transformer-house 901% feet 

long and 39 feet wide with an extra width of 1724 feet for 28° feet at the 
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present south end. The center of this 2824 feet will be the center of the build- 
ing when it is completed should more room be needed. This building is 2114 
feet to the eaves and 32 feet to the ridge, and similar in appearance to that of 
the power-house designed by the same architects. Connecting the power-house 
with the transformer-house is a 10-foot wide stone bridge of four spans each 
25.87 feet long with a rise of 3.47 feet and stone piers 514 feet long between 
the ends of the spans. These arches have the long voussoirs which characterize 
the power-house and the transformer-house. 


Inspection oF WHEEL-PIT Stor ConsrrucTion BY 


Cot, Tueo. Turrerrini 


Foreign Consulting Engineer 
Mrs. Epwarp D. Apams Epwarp A. Wickes 


Vice-preside nt 


Grorce B. Burbank Epwarp D. Apams Dr. CoteMAN SELLERS 


Resident Engineer President Chief Engineer 


In adopting the plan of a central power-house and distributing the power 
to users at convenient distances, it was a natural development to place all the 
water-wheels together in line on the side of the only inlet-canal and discharg- 
ing into a common outlet connecting with the main or discharge tunnel. 
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Powrr-HOUSE Num BER Onr. ConstrRuctTion Or PrENstrock 


The arrangement of the power 
relation to each other, and the loc 
page. 

This elongated wheel-pit became a wheel-pit slot, and its dimensions were 
the minimum proportions of the power-house to cover it and of the hydro- 


electric machinery and _ its auxiliary provisions for its installation and 
operation. 


-house, bridge and transformer-house, in 
ation of the machinery are shown on opposite 
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The directors of The Cataract Construction Company made their official 
inspection of the power-house and the operation of the first power unit on 
September 30, 1895, as will be seen by the following view of the interior of 
the power-house. 


Inrerior oF PowEer-Hovusre Numper Onn, Serremper 30, 1895 


Hypro-eLectrric Unrr Numser Two tw OpERATION 


Board of Directors of The Cataract Construction Company standing from left to right: 


1. William B. Rankine, Secretary 


i) 


. Edward A. Wickes, Vice-president 


. Darius O. Mills 


jew) 


4. George S. Bowdoin 

Committee Representing 

kK ae 2 ere 

5. John Croshy Brown = ; fe 
the “Money Subscribers 


> 


Charles Lanier 


= 


John Jacob Astor 
8. Edward D. Adams, President 


9. Francis Lynde Stetson, Vice-president 


The first contract with the Westinghouse Company, for two alternators, was 
made October 26, 1893. The first hydro-electric unit was successfully tested in 
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April 1895, and the first delivery of electric power was made on August 26, 
1895, to the Pittsburgh Reduction Company.’ 

After the successful operation of the two power units shown opposite, addi- 
tional units were purchased and the power-house and wheel-pit slot extended 
to provide for ten complete units, all of the same design as the first. 

This installation, pictured below, was completed September 30, 1899, and 
on January 1, 1900, was in full operation, the ten machines earning operating 
expenses and a surplus over the fixed charges of the company. 


Inrerior oF PowEr-HOUSE NUMBER ONE poy 


ELECTRICITY NOT COMPRESSED AIR FOR POWER-HOUSE NUMBER TWO 


When the decision was first made to construct central power-houses, pro- 
vision was made for two of 50,000 horse-power each, that would utilize nearly 
all the water the inlet-canal would provide, in addition to that required for 
the International Paper Company and the Niagara Water-Works Company, 


1 Name changed to Aluminum Company of America. 
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each having independent water-inlets from the canal. As the decision had not 
then been made to adopt the alternating current of electricity, the manage- 
ment was prepared to provide a direct current, for power and light, from the 
first power-house for local uses principally. The second power-house was 
planned for the development and distribution of compressed air for power 
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uses, unless all the electricity produced at Power-house Number One should be 
used and the additional demand in prospect should indicate that all the power 
of the inlet water would be wanted for electric power transmission. 

The question, so important to this enterprise, as to the method of utilizing 
the waters of Niagara River, was decided by resolution of the board of di- 
rectors, on May 6, 1893, in favor of the alternating current. From that date 
all plans were directed toward this form of electrical development and trans- 
mission, so that the provision for a possible compressed air system was aban- 
doned, and no other methods were given further consideration. 
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Some time prior to the completion of Power-house Number One, the de- 
mand for electric power had so greatly increased that contracts were made for 
Power-house Number Two on the opposite side of the canal, and for a practi- 
cal duplication of the machinery installed in Power-house Number One, but 
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with eleven units, Unit Number 21 to be treated as a reserve. The hydro- 
electric Unit Number 11 in Power-house Number Two was started October 31, 
1902, in commercial service, and the entire plant was in operation, March 16, 


1904. 
PROJECTS FOR ADDITIONAL POWER 


Indications in 1902 that the new metallurgical and chemical processes would 
require a larger demand than the installed machinery (with a capacity of 
65,500 horse-power and a prospective additional 30,000 horse-power to be 
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available in 1903) could supply, prompted The Niagara Falls Power Com- 
pany to purchase the Canadian Niagara Power Company, represented by its 
share and debenture capital outstanding, for the purpose of availing of 
its franchises, rights and privileges that gave it a most favorable location 
for its power-house within the Queen Victoria Niagara Falls Park, under 
the terms of agreements with the park commissioners made April 7, 1892, 
July 15, 1899 and June 15, 1901. 

Before consummating the contemplated purchase of the Canadian com- 
pany, The Niagara Falls Power Company requested that an estimate be made 
by its expert engineers as to the probable cost in time and money to construct 
an independent hydro-electric system, by using its existing right-of-way for 
a second tunnel, under the town of Niagara Falls to the river below. 

This right-of-way for a second tunnel was acquired in 1890, when the rights 
to construct the first tunnel were secured, had been held with title unimpaired, 
with the expectation of making use of it when the capacity of the first tunnel, 
its inlet-canal and the two power-houses approached their full capacity of 
about 105,000 horse-power. 


GRASS ISLAND POWER-HOUSE AND TUNNEL PROJECT 


The increase in the cost of tunnel construction, on a right-of-way about 
twice the length of the first tunnel, led to the consideration of locating the 
third power-house upon Grass Island near the shore of the company’s 
property, a short distance east of its inlet-canal. 

It was proposed to locate and acquire the right-of-way for a new tunnel, 
passing under lands of private owners, west of Second Street, and discharg- 
ing into the lower river at a portal lot about 260 feet north of the discharge of 
the original main tunnel. The resident engineer, A. H. Van Cleve, submitted 
his estimate, dated April 15, 1904, of the cost of development of 110,000 horse- 
power in Wheel-pit Number Three, with tunnel, having sufficient capacity for 
the relief of Wheel-pits Numbers One and Two, that amounted to $6,826,000, 
being at the rate of $62.05 per horse-power. This estimate included, with 
other necessary expenditures—tunnel and shafts, $1,678,000; wheel-pit and 
forebay, $1,330,000; power-house, including foundations, $548,000; and hy- 
draulie installation, $1,394,000. To the total estimate it would have been 
necessary to add the cost of the right-of-way, legal expenses and possible trans- 
mission lines. The total expense involved in the construction of the Grass 
Island project appeared so large that the suggestion reached no further than 
the period of preliminary estimate. 
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The purchase of the Canadian interests for the sum of $345,000, payable in 
the bonds of The Niagara Falls Power Company, and the estimated cost to 
construct the plant under the terms of its charter and agreements, with a 
capacity to produce 100,000 horse-power, indicated at considerably less cost, 
in time and money, than that of the Grass Island project. 

Moreover, the addition of a Canadian source of power and a Canadian 
transmission line to Buffalo, as a duplicate plant to that of The Niagara Falls 
Power Company on the American side, was considered of much value as a 
supplemental supply available for that city and beyond, the existence of 
which plant under the same control and management, would go far to estab- 
lish confidence in the continuity of the supply of power service to the industries 
and the communities of a large and important portion of the United States 
which nature has favored so richly beyond all others. As the authority had been 
secured to connect the proposed Canadian power-house with the two power- 
houses on the American side by conduits across the suspension bridges over 
the Niagara River with a current of 50,000 horse-power at 2000 volts, a dis- 
tance of about 214 miles, the power developed on each side might be used as 
a reserve in case of need, as well as an additional supply for the necessities or 
opportunities for use on the other side. Therefore, the purchase was made and 
the alternative Grass Island project still lies dormant. 


THE CANADIAN NIAGARA POWER COMPANY POWER-HOUSE 
NUMBER THREE AND UPPER RAPIDS 


The Canadian Niagara Power Company, American owned, was the first 
on the Canadian side of Niagara River to receive a franchise, and it was the 
pioneer company in Canada to furnish Niagara hydro-electric power for com- 
mercial uses. 

Work was commenced on the excavations for the outlet tunnel, forebay, 
wheel-pit and foundations of the Canadian power-house on May 23, 1901, and 
on January 1, 1905, the first alternator of 10,000 horse-power was in com- 
mercial operation. 

The hydraulic work and the entire power-house were completed in 1906, 
constituting the Canadian plant and Power-house Number Three of The Ni- 
agara Falls Power Company, that has been in continuous operation since 
1905, with increasing output of electrical energy, reaching 104,960 horse- 
power and continuing above 100,000 horse-power output since 1916. 

The seven power-stations of the present Niagara Falls Power Company, 
mMcMxvitt have an installed capacity of 678,500 horse-power. The three 
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power-houses described in this chapter have an installed capacity of 226,000 
horse-power, and one of these, the Canadian Niagara plant, is located in the 
Queen Victoria Niagara Falls Park. Two other plants of later construction 
in this park area, the Ontario Power Company and the Electrical Develop- 
ment Company, with large and imposing power-houses, were subsequently 
(1917) acquired and are now operated by the Hydro-Electric Power Com- 
mission of Canada, representing certain Ontario municipalities, leaving the 
power-house of the Canadian Niagara Power Company the only plant in the 
Queen Victoria Niagara Falls Park operated by private owners, The Niagara 
Falls Power Company, Mcmxvul. 


Canapian Power-HovwseE, 1913 
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WueeEt-pir Construction, 1904 


Left to right: Engineers McPhael, McCarthy and Smith; A. Monro Grier, 
William B. Rankine, and Edward Dean Adams 
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WATER-WHEELS AND TURBINES 
CHAPTER XIX 


Beautiful as that wonderful work of nature (Niagara) 1s, it would be 
more beautiful still if those waters fell upon turbine wheels every one of 
which was turning the wheels of industry.—Lord Kelvin, New York, 1902 


PRELIMINARY PLANS 


HE abandonment of the Evershed plan that proposed twelve inlet-canals 

supplying water to wheels in over 200 wheel-pits, each driving its own 
mill, by old time methods and the change to a central power producing station 
requiring some system of power transmission, marked a gigantic innovation 
in the development and distribution of hydraulic power. 

This historic revolution in applied mechanics was introduced by the adop- 
tion of the following policy by The Cataract Construction Company, result- 
ing from the survey in Europe by its president in the winter and spring of 
1890. 

First: To proceed at once under the guidance of its own engineers, with the 
construction of the hydraulic system to include a short power inlet-canal and 
a comparatively short tunnel’ outlet, with a central station for power devel- 
opment and distribution. 

Second: To provide for the development of hydraulic power in units of 
5000 horse-power, to be operated at a speed of 300° revolutions per minute 
and to be connected with either air compressors or electric generators or both; 
the turbines to be ordered after the contracts for the tunnel and inlet con- 
struction had been let. 

Third: To permit such delay in completing the plant as might be found 
necessary in the effort to secure the most efficient system of power transmis- 
sion upon the principle that a present sacrifice of time would be wiser than a 
serious financial risk through premature action. 

Fourth: To continue the study of electrical and other methods of power 
production and distribution, while the hydraulic system was in process of de- 
velopment and construction, it being estimated that about two years’ would 
be required to prepare for and install the first turbines. 

The turbines proposed far exceeded in power and speed and head of water 
any then in existence. Furthermore, the speed must be suited for the air com- 
pressors or electric generators to be operated. The speed was adopted only 
after positive assurances from electrical engineers and manufacturers that the 

11.3 miles instead of 2.5 miles previously proposed. 


2 Later reduced to 250. 
3 Tunnel commenced October 4, 1890; completed December 20, 1892. 
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design of the generator could conform to that of the turbine, so that the two 
could constitute, as proposed, a single mechanical unit. 

In advance of the design of the hydraulic unit it was essential to know the 
weight of the rotating part of the generator in order to provide for the support 
of the shaft and its burdens and to so design the governor as to secure the best 
possible speed regulation with changing loads. 

All these problems were without precedent; they involved other and un- 
expected questions that could be determined only by experiment, under sci- 
entific supervision and after the manufacturers had made their own tests and 
were prepared to guarantee the efficiency and safety of their product and the 


right to its use. Wietone 


The situation will be better appreciated if one reviews the early history of 
water-power, in general, at Niagara Falls and examines the state of the art 
prior to the year 1890. 

The early use of water-power in the United States was for supplying food, 
clothing and shelter, in grinding grain, weaving cloth and sawing lumber. 

The utilization of the falling water for power purposes was by wooden 
wheels. ‘These could hardly be called of scientific construction; they were of 
small size, in various forms and under different names and were first used in 
the grist-mill (that ground grain) and were carried westward in the tide of 
emigration. 

These wheels were popularly known as breast wheels, overshot and under- 
shot wheels, tub wheels and various modifications bearing different names 
given them by their inventors or makers. 

Overshot and breast wheels were applicable where the waterfall ranged 
from about 10 to 70 feet and seldom produced more than one or two hundred 
horse-power. Tub wheels of 10 feet diameter, overshot wheels of 20 feet and 
undershot wheels of 12 feet were in operation. 

The most powerful high breast water-wheels ever constructed in England 
were probably those of 50 feet diameter, 12 feet wide, 15-inch shroud and 120 
buckets, of which two wheels, a pair, were erected under a head of 48 feet by 
Sir W. Fairbairn in 1825 at Catrine, in Ayrshire. They revolved at the rate 
of 114 revolutions per minute on journals of 14 inches. 

The water was brought from reservoirs covering 120 Scotch acres (48 
Scotch acres equal 61 English acres) of an average depth of 8 or 10 feet, 
through a tunnel 10 feet in diameter and an arched conduit 12 feet wide and 
5 feet deep. 

When working at full power, these wheels required 98 tons each of water 
per minute, under a fall of 48 feet, to produce 125 horse-power each. 
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These wheels were reported a few years since, as operating as well as ever. 

Overshot wheels of somewhat greater diameter were reported to have been 
working in England but they were of less width and capacity. 

The “Niagara of Water-wheels”’ or the greatest in America, as it was 
popularly known, was designed and constructed by Henry Burden on the 
bank of the Hudson River near Troy, New York, as power for the Troy Iron 
and Nail Factory, subsequently entitled Henry Burden and Sons. The water- 
fall was derived from Wynants Kill, a small stream flowing into the Hudson 
River and regulated by the flow from four lakes in the hills above to give an 
available head of about 70 feet. The construction of this overshot wheel was 
commenced in 1843. The wheel was rebuilt in 1851, and was operated regu- 
larly for a period of forty-five years, until it fell into disuse by the removal of 
the works. In 1914 it gave evidence of decay, and ten years later was rapidly 
deteriorating—an interesting relic of early pioneering in hydraulic engineer- 
ing and industry. 

In 1892, a 500 horse-power turbine of the Jonval type was especially de- 
signed for the Burden Works by E. C. Geyelin, engineer of R. D. Wood 
& Company, of Camden, New Jersey, which firm constructed the turbine and 
guaranteed an efficiency of 83 per cent. This turbine was to replace the power 
of the “Niagara of Water-wheels,” when the Burden Works were removed to 
another locality. 

Other wheels of the wooden type, of even earlier dates, are still in operation 


in various parts of the country and are objects of curiosity. An old resident of 
Niagara has recently referred to a wooden turbine, but none have been found 
in recent inquiries, unless a wooden “tub” wheel was the wheel referred to. 

Metals, such as iron, bronze and steel, soon replaced wood in the construc- 
tion of water-wheels, particularly when intended for use under high head and 
a large volume of water. 


EUROPEAN TURBINES AND DESIGNERS 


Turbine or reaction water-wheel had been known in Europe for a long time. 

In 1754 Euler invented the parallel turbine, of which he gave out the theory 
of operation in 1767. 

Fourneyron, of France, made the first commercial turbine. He called it a 
‘“Roue a pression universelle et continue.” 


1This wheel had a diameter of 60 feet and a breast of 20 feet, was built of wood and iron, and was 
estimated to weigh about 250 tons when soaked. It revolved at a speed of 24 revolutions per minute, 
that was maintained constantly by a man at the hand-wheel in control of the amount of water on the 
power-wheel. Its effective power was calculated at 278 horse-power. 


2 Universal and continuous pressure wheel. 
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The Fourneyron outward-discharge turbines were in successful operation 
under high heads in France in 1827. About 1840 the use of reaction water- 
wheels, having a vertical axis, then extensively employed in France and some- 


what in its neighboring countries, commenced to attract the attention of engi- 
neers and millwrights in the United States. 
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The Jonval axial-flow turbines were improved and manufactured largely 
by André Koechlin & Cie., of Mulhausen, Alsace, who had distributed more 
than 400 of these turbines prior to 1848, when one of their engineers came to 
this country and introduced his Geyelin type. 

The Jonval turbine was considered favorably for low heads and was often 
used with a draft tube which, surrounding the wheel, extended below it and in- 
creased its efficiency by adding to its wheel head of water the suction head of 
the discharge. 

Escher, Wyss & Company, of Zurich, Switzerland, were also active at that 
period, 1850-1880, in the manufacture of a similar type of axial-flow turbine. 
This firm probably represented the most extended experience of all designers 
of turbine wheels, having at about May, 1892, constructed 2100 turbines of a 
total capacity of 136,000 horse-power. Later they produced what was then 
termed the Francis type, from which they designed the entire installation 
of the Power-house Number Two and the first five units of the Canadian 
power-house of The Niagara Falls Power Company. | 


AMERICAN TURBINES AND DESIGNERS 


In 1841, James B. Francis, who was the chief engineer and manager of the 
entire water-power system at Lowell, Massachusetts, and an eminent au- 
thority on hydraulics, stated in connection with improvements in the hydrau- 
lic canal system at Lowell, that “the water-wheels of the best patterns of the 
times and giving a large percentage of effect on the single fall, were becoming 
old and worn and not adapted to the change expected to be made in the canal.” 
He therefore gave much attention to the development of the new reaction 
turbine, visiting Europe for a close examination of the state of the art there 
at that time. 

Uriah A. Boyden, of Massachusetts, was soon recognized as one of the most 
successful designers of turbines, in which he was said to have been assisted by 
Francis. Boyden devised numerous improvements of importance in the opera- 
tion and test of turbines, one of which was a successful method of suspending 
the turbine from the top of its vertical shaft instead of running it on a step 
at the bottom. 

In 1844, Boyden constructed what is called his first turbine; this proved 
successful and led to many other turbines with similar results. 


1 Escher, Wyss & Company have built about 7700 water turbines to date (1927), all types aggregating 
over 6,000,000 horse-power. This grand total is equal to some estimates of the total available horse-power 
of the entire Niagara Falls. 


2 Born in England in 1815 and died in 1892 at Lowell, Massachusetts. 
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In 1848, upon the recommendation of Francis, the manufacturing com- 
panies of Lowell purchased from Boyden his turbine design and the right to 
use all his improvements relating to turbines and other hydraulic motors. 

I*our turbines of the Francis-Boyden type of similar design and dimensions 
were constructed for two of the Lowell manufactories and completed in 1851. 
One of these turbines, at the Tremont Mills, was tested February, 1851, and 
gave, in experiment No. 10, the following results, which it is interesting to 
compare with those attained by the Swiss turbines adopted for the first in- 
stallation of The Niagara Falls Power Company: 


BerancieTacbine pene and oe 
Statistics at Tremont Mills lagara Turbine 
Power-house Number One 
1851 

1892 
Fall of water acting upon the wheel, in feet. | 12.8 | 135. 
Diameter of crown of turbine, in feet. 8.33 6.25 
Diameter of vertical shaft, in inches. 8. 88.* 
Revolutions of wheel per minute. 7al 250 
Effective horse-power. 210 5,000 


In 1858, A. M. Swain, of Lowell, Massachusetts, appeared as a turbine de- 
signer, and a 72-inch wheel was tested by Francis that showed an efficiency of 
about 84 per cent. The Swain design exerted an important influence in the 
development of the highest type of American turbine. 

The wheels just described were scientifically designed, and their makers 
with a few others, under the leadership of James B. Francis, then, 1880, 
recognized as the foremost hydraulic expert of the country, took pride in their 
construction and established a well-deserved reputation for American wheels 
at home and abroad. 


‘Tubular shaft and solid shaft 11 inches diameter. 
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Some of the earliest applications of water-power to general manufacturing 
in important amounts were the following: 


=o ae TaeAlity ae Utilized Head Total 
in Feet Horse-power 

1791 Paterson, N. J. Passaic 70 4,500 
1822 Lowell, Mass. Merrimac 35 10,000 
1825 Cohoes, N. Y. Mohawk 105 14,000 
1835 Manchester, N. H. Merrimac 52 10,000 
1845 Holyoke, Mass. Connecticut 50 | 17,000 
1845 Lewiston, Maine Androscoggin 50 | 11,000 
1850 Birmingham, Conn. Housatonic 22 2,000 
1858 Passaic, N. J. Passaic 22 9,000 
1866 Turners Falls, Mass. Connecticut 35 10,000 


In the presidential address at the annual convention of the American 
Society of Civil Engineers at Montreal, June 15, 1881, President James B. 
Francis stated: 

Great improvements in reaction water-wheels have been made in the United States 
within the last forty years. In the year 1844 the late Uriah Atherton Boyden, a civil 
engineer of Massachusetts, commenced the design and construction of Fourneyron 
(French) turbines, in which he introduced various improvements and a general perfec- 
tion of form and workmanship, which enabled a larger percentage of the theoretical 
power of the water to be utilized than had been previously attained. The great results 
obtained by Boyden with water-wheels made in his perfect manner, and, in some in- 
stances almost regardless of cost, undoubtedly stimulated others to attempt to ap- 
proximate to these results at less cost, and there are now many forms of wheel of low 
cost, giving fully double the power, with the same consumption of water, that was ob- 
tained from most of the oldest forms of wheels of the same class. 


The Francis type of turbine was the first scientifically designed turbine 
made in this country to any considerable extent, although numerous variations 
were made in the design by other American makers. Hundreds of patents 
were issued by the United States Patent Office for new models and for so- 
called improvements upon the turbine wheel. 

Between 1847 and 1900, there were placed upon the market more than 
sixty varieties of American’ water-wheels of different characteristics and 
name or trade titles that had been designed or manufactured by about twenty 


1 Transactions American Society Civil Engineers. Vol. LXXXV, p. 1237 (1922). 
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separate companies. Nearly all of these were less than 100 horse-power, and 
designed for use under low heads of water. These wheels were generally 
made to standard or trade sizes that were kept in stock ready for immediate 
delivery, with a guarantee of patent protection and of an efficiency of 75 per 
cent under a head of water not exceeding 100 feet. Above that head the re- 
action turbine was not considered as efficient as impulse or jet wheels, such as 
that known as the Pelton wheel, that was recommended for such heads. 


WATER-WHEELS AT NIAGARA 


The first known use of the water of Niagara for power purposes was by a 
I’renchman, Chabert Joncaire, Jr., in or about the year 1757. He built a small 
canal on the river bank, taking and discharging its water above the falls. It 
is believed that he used a wooden overshot wheel under a head of about 6 feet. 
John Steadman, a settler of about 1760, repaired and used the sawmill oper- 
ated by this power. 

A project or tentative effort to utilize the waters of Niagara in the earliest 
attempts was that represented by a woodcut illustration of a publication in 
which the whirlpool of Niagara River was shown with a small stream falling 
from the top of the cliff upon an overshot water-wheel that discharged its 
waters into the whirlpool chasm below, to operate an inclined railroad between 
the Whirlpool Rapids and the top of the bluff on the Canadian side. 

In 1807 Augustus Porter built a grist-mill, with two run’ of millstones, on 
the site of the original French sawmill, on the loop canal and used a separate 
water intake probably with a breast or overshot wooden wheel. The map of 
1836 by J. W. Ingraham, of Boston, on page 92, indicates the location of 
this mill. 

In the period of awaiting new leaders with capital for the completion of the 
development projects, the population at Niagara Falls increased but little. 
There were a number of mills built that obtained their power at low heads 
from the upper and lower loop canals upon the bank of the river above the 
falls, and from the branch of the upper rapids that ran between Goat and 
Bath islands on the river edge. Wooden wheels of the several varieties ap- 
plicable to such conditions were used. Millstones to the extent of twenty-six 
runs, or pairs, were in operation on the raceways before that property was ac- 
quired by the state. The total utilized power of the lower raceway was esti- 
mated at 400 horse-power. 

The height of the falls at Niagara, and the enormous quantity of water to 
be controlled and utilized, were soon recognized as requiring—as in clothing 
for the unusual person—custom-made and not ready-made products. 

1See Appendix H, Volume II. 
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From the variety of hydraulic motors mentioned as having been in use at 
Niagara Falls, it seems that manufacturers found the locality an excellent 
place to advertise their products. The name of the location connoted water- 
power and naturally a familiarity with water-wheels. Moreover, the multi- 
tude of visitors would naturally inquire, if at all interested in the subject, as 
to the type of wheel or turbine in use there, and what preferences were given 
by the local manufacturers to the new designs placed upon the market. Some 
of the trade names for American water-wheels or turbines were the following, 
that indicate the tendency of manufacturers, at that time, to utilize higher 
heads than 100 feet, and the effort of wheel makers to attract attention to 
their provisions therefore: viz., Hercules, Samson, Victor High Pressure, 
High Head, High Duty Standard, Special High Head, Special High Duty, 
etc., but no Niagara. The fancy names commenced to appear in the seventies, 
replacing the names of old and well-established firms that had valuable repu- 
tations to maintain by scientific designs for special requirements, while 
quantity production of standard or popular sizes, “protected” by patents, 
and illustrated by tables of performances, was advocated as a new and expand- 
ing American industry. 

There were other types of wooden wheels in addition to those already men- 
tioned as in use at Niagara. The tub wheel, that was placed in a horizontal 
position and discharged its water at both ends was often used in sawmills. 
The scroll wheel had its advocates. The Porter mill used what was then called 
the “old-fashioned flutter” wheel. All of these wheels were of comparatively 
small horse-power. 

A French turbine of about 20 horse-power, and another turbine that was 
called the ‘““New American,” both of metal, were mentioned as in use. The 
“Old American” and the “Special American” wheels were also in service. 


HIGHER HEADS UTILIZED ON CLIFF 


All references hitherto to the uses of Niagara power for manufacturing 
have been to those plants located either between Goat and Bath islands or on 
the northern bank on the opposite side of the river, where they derived their 
power from the low heads prevailing on the two loop canals indicated upon 
the Emslie map of 1846, shown on page 96. 

Although the hydraulic canal was quite incomplete, the river water had been 
admitted and the high head at its forebay, on the cliff, was available for the 
development of hydraulic power in 1861. 

It is stated that many wooden wheels were broken in Niagara mills at vari- 
ous times in their use under 50-foot heads. To avoid this danger where feasible, 
it was considered good policy to divide a “head” or fall into several levels of 
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20 or 25 feet each, at which the use of the water was repeated with several 
smaller wheels. 

As high heads required stronger material in construction, iron plates were 
used by boiler makers and machine shops, that became busy with this new in- 
dustry, until millwrights and their mechanical engineers took up the scientific 
designing of turbines and produced wheels that did not pit, as did their earliest 
productions, and that rose in efficiency under scientific test, from 75 per cent 
so readily guaranteed to 86 per cent so seldom attained. 

The wheel employed in the first use of the waters of the hydraulic canal in 
the early seventies was a wooden wheel at the bottom of a 24-foot wheel-pit. 
It operated a flour mill built in 1874 by Col. Charles B. Gaskill. The wheel- 
pit was deepened to 40 feet and subsequently to 96 feet, the water being dis- 
charged by short tunnels from the face of the cliff to the river below, as will be 
observed in the view of the cliff industries in this chapter, page 98. At the 
greater head, a so-called ““American” turbine of metal was installed. The 
picture of a turbine wheel, on page 97, with a crown gear wheel by its side, has 
been recognized by a former employee as a 25-inch runner that was removed 
from its pit because “it was worn out.” It is stated that the wheel was made of 
a bronze alloy that wore out quickly, a new wheel being required every 
three or four years. They seemed, it is said, always to pit’ in the same place, 
near the entrance edge of the vanes. ‘Two pit holes and a broken blade may be 
seen in this picture of the junk heap of the Gaskill mill. 

The above sketch of the history of water-motors in the United States, and 
the condition of their development and use at Niagara in the period of 1880— 
1890, are intended to indicate the problem of design and designer, presented 
by the unusual requirements of The Cataract Construction Company, for the 
development of Niagara power. 

When the state acquired the property that now comprises the New York 
State Reservation, in 1883, it purchased and demolished all the mills located 
above the falls on the bank of the river and between the islands. The only 
location thereafter available, with water-power ready for manufacturing, was 


1 William Monroe White, hydraulic engineer of the Allis-Chalmers Manufacturing Company, expressed 
his theory regarding the “pitting” of runner vanes in an address about turbines and hydro-electric 
equipment, before the Boston Society of Civil Engineers, December 19, 1923, as follows: 

“The question has never been settled as to just what really causes a runner to pit. My preferred 
theory is usually referred to as the ‘nascent oxygen theory.’ By this I mean that when the water passes 
between the vanes and is discharged from the runner the pressure on the water is suddenly relieved. At 
the moment of this relief of pressure oxygen separates from the water. When the runner vanes are 
shaped so that there is a chance for the water to leave the back of the blade the nascent oxygen evi- 
dently collects in that space, and eats the material of the runner, producing the pitting referred to, An- 
other theory is that of electrolysis, but that does not fit in very well with the fact that the runner only 
pits in places where a vacuum or pocket can occur.” 
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the canal and its forebay on the top of the bluff beyond the falls or the river 
bank at the foot of the cliff. 

Immediately after the purchase of the hydraulic canal property, including 
Port Day, the forebay and lands, by the Schoellkopf and Mathews interests, 
the hydraulic works were carried forward to completion, and a flouring mill 
was erected having a capacity of 1200 barrels of flour a day, that was operated 
by cast-iron wheels of a total of 900 horse-power from a 50-foot head of water. 


Nracara Faris VinLacE 


SHowinc Proposep Hyprauric Cana 
Submitted by P. Emslie, December, 1846 


Another flouring mill soon followed, in the same interests, using the water 
under an 80-foot head. A pulp mill was also constructed in 1892 using the 
water a second time under a head of 125 feet. 

Other industries availed of the water from the canal, and some organizations 
later found locations for their factories below the cliff on the river bank, bring- 
ing the water required for power from the forebay of the canal, over the bank 
and down the cliff in pipes, where the iron turbines of 1880-1892 were advan- 
tageously employed. 
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The difference of head utilized, and the variations in the depth of wheel-pits 
and discharge outlets, are easily recognized in the reproduction of the side of 
the cliff (page 98) with its evidence of industrial activity and hydraulic waste. 

The first use of the total head available between the falls and the cliff was 
that made by The Niagara Falls Hydraulic Power and Manufacturing Com- 
pany in December, 1896, with turbines constructed by the James Leffel 
Company of Springfield, Ohio, of 6850 total horse-power derived from three 
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wheels of 1650 horse-power and one wheel of 1900 horse-power, all operating 
under a fall of 212 feet, at 250 revolutions per minute, with water from the 
Schoellkopf (hydraulic) canal. 

These wheels drove dynamos that supplied direct-current electricity for 
street cars and are lamps and for other power purposes in the village of 
Niagara Falls. 

The Power-house Number One of The Niagara Falls Power Company 
was operating its hydro-electric unit of 5000 horse-power in the spring of 
1895 and delivering its alternating current to its power customers in the 
summer of that same year, using the maximum hydraulic head available by 
its inlet-canal, wheel-pit and tunnel from its power-house on the river bank 


above the falls. 
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TURBINE PROJECTS SUBMITTED TO THE INTERNATIONAL NIAGARA COMMISSION 


In the spring of 1891, upon the return from abroad of the several officers 
and engineers of The Cataract Construction Company and the receipt of the 
formal report of April 13, 1891, of the International N iagara Commission, the 
board of engineers of the cataract company engaged in the intensive study of 
the work of the commission and the results of the foreign investigations. 


Mituixe Disrricr, 1893, SHowine Partran Use or Water 


1 Central Milling Company 

2 Niagara Wood Paper Company 
3 Schoellkopf §& Mathews Flour Mill 75 ft. head) 

4 Pettebone Pulp Mill 

5 Charles B, Gaskill Flouring Mill 


6 Niagara Falls City Water Works. 
7 Clif Paper Company (first use of water 


8 Clif Paper Company, Lower Mill (second 
use of water, 125 ft. head) 
9 Oneida Community Mill 


Of the seventeen projects submitted to the commission, fifteen were Ku- 
ropean and five American. The latter included a hydraulic project by the 
Pelton Water Wheel Company, of San Francisco, California, and a com- 
pressed air project from the Norwalk Iron Works, of South Norwalk, Con- 
necticut. Both of these projects represented combinations for transmission 
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of power, the Pelton wheels driving high-pressure pumps, air compressors 
and dynamos; the Norwalk compressors were to be driven also by Pelton 
wheels. These latter competitors assumed in their memoirs, presented to the 
commission, that the head at Niagara was too great for pressure turbines and 
therefore the Pelton type of wheel was proposed. Prizes and premiums for 
combined projects were awarded to each of these competitors. 

The three other American projects, one electric and two hydraulic, were 
not considered in the award of prizes because they did not conform to the 
terms of the letter of invitation of The Cataract Construction Company. 

In the distribution of awards for combined projects, the highest went to 
manufacturers in 


Zurich, for hydraulic and pneumatic projects, and 


Geneva, for hydraulic and electric projects. 


The highest prizes and premiums awarded for hydraulic development were 
made for projects submitted by 


Escher, Wyss & Company, Zurich, 
Ganz & Company, Budapest, and 


Faesch and Piccard, Geneva, for their turbine part in a combined 
hydro-electric project. 


A. detailed description of these turbine projects will be found in Chapter 

X, Volume One, also in the Appendix E, same volume. 
CONSULTING ENGINEERS 

In the autumn of 1892, when decisions were pending of vital importance to 
the Niagara enterprise, it was deemed a wise policy, by its management, to 
secure the guidance of those engineers who, by education, experience and 
position, were best qualified to advise regarding the engineering problems 
particularly involved in the questions of hydraulic and electrical systems to be 
adopted. 

The International Niagara Commission had indicated clearly the state of 
the art of power transmission in the year 1891, and had facilitated acquain- 
tance with European designers and constructors, of which The Cataract Con- 
struction Company might wish to avail, and which could be effectively done 
by the selection of advisory engineers as resident representatives abroad. 'The 
conferences of the commission had brought before each of its members, not 
only all the memoirs and plans submitted by the competitors for the prizes and 
bonuses offered, but also the engineers and designers themselves, who by their 
personal explanations and suggestions had particularly qualified the members 
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of the commission to advise the Niagara company at that period of its devel- 
opment. Appreciation of this fact led The Cataract Construction Company 
to secure, at various periods, the services of three of the five members of the 
commission, and one of the competitors, as consulting engineers. 

The hydraulic and mechanical were the first branches of engineering to be 
considered in formulating plans for machine design and construction, and 
these were soon followed by the electrical branch, when it was decided to co- 
ordinate the three sciences in the design of a single unit machine for power 
development and distribution. 

The principal advisers in the negotiations that resulted in a contract for 
turbines with Faesch and Piccard, of Geneva, in 1892, were the following 
members of the International Niagara Commission, all of whom served during 
its entire existence, and remained as advisers in the Niagara engineering 
problems until the major questions were determined: 


Dr. Coleman Sellers, of Philadelphia, Chief Engineer. 


Col. Theodore Turrettini, of Geneva, Switzerland, Foreign Con- 
sulting Engineer. 


Prof. W. Cawthorne Unwin, of London, England, Consulting 
Engineer. 


FOREIGN ENGINEERS INVITED TO SUBMIT TURBINE PROJECTS 


Familiarity with the turbine designers and constructors of the United 
States, by investigations prior to the sessions of the International Niagara 
Commission in London, made evident to the board of engineers of the cata- 
ract company, in review of the domestic and foreign conditions of the turbine 
industry, that no American experience could be depended upon to design 
turbine units to develop 5000 horse-power, on vertical shafts running at 250 
revolutions, under a 140-foot head of water and to support electrical machines 
of similar power as an integral part of a single machine unit. On the other 
hand, personal inspections abroad gave confidence that the requirements at 
Niagara as then understood, could be promptly met by foreign experience 
and responsibility of undoubted character and value. 

It was therefore determined to select several of the hydraulic competitors 
that had been approved by the International Niagara Commission and invite 
them to submit plans for the turbine installation at Niagara, with the require- 
ments of which such competitors were already somewhat familiar, having 
studied the details for their projects that had won prizes and premiums from 
the commission. 


100 


WATER-WHEELS AND TURBINES 


SERVICE OF COLONEL TURRETTINI 


In anticipation of seeking the co-operation of engineering organizations in 
Switzerland and its neighboring countries, in formulating the definitive plans 
for the development and distribution of Niagara power, negotiations were 
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opened within sixty days after the close of sessions of the International 
Niagara Commission, for the services of Col. Theodore Turrettini, of 
Geneva, as foreign consulting engineer of The Cataract Construction 
Company. 
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This appointment was formally made March 10, 1891, under the terms of 
the letter’ of appointment of that date. The public announcement thereof in 
the foreign press was authorized. 

Colonel Turrettini made three visits to N lagara, in 1891, 1893 and 1899. 

His services as a member of the company’s board of engineers, in the form- 
ative period of plan and construction, were much valued, as well as his helpful 
suggestions and counsel by correspondence, and his personal representation 
of the company’s interests in Europe, in contract negotiations and in- 
vestigations. 

He came to New York early in May, 1891, and remained about six weeks, 
in conferences with the board of engineers at Niagara, and with the officers of 
the company, who accompanied him in visiting various power-plants, electrical 
establishments and other manufactories, to familiarize himself with such 
industries and their methods of operation. 

In the consideration of the probable cost of foreign machines at Niagara, 
it appeared doubtful if even the comparatively lower cost of foreign skilled 
labor would offset the expense of transportation and much less the customs 
duties. It was therefore decided, in contracting for turbines or generators 
abroad, to reserve the privilege, in event of need, to purchase the approved 
designs and working drawings for the construction of these machines in 
America, under the personal supervision of the designers, during both con- 
struction and installation. 

Soon after the return of Colonel Turrettini to Geneva, he visited several of 
the Swiss turbine manufacturers and invited them to submit their avant- 
projet for Niagara turbines, with an estimate of the cost of execution in their 
own shops and an estimate of their charges for working drawings and for the 
cost of supervision of the construction in the United States for account of 
the cataract company, also for their guarantee of efficiency and good working. 


OFFICIAL REPORT OF TESTS OF LAUFFEN-FRANKFORT LINE 


Although the officials of the cataract company were informed that the 
operation of the Lauffen-Frankfort line of power transmission was success- 
ful, by Colonel Turrettini, who attended the tests late in September, yet the 
final and official tests for record had been entrusted, after the close of the 
Frankfort Exhibition, to a special commission under Professor Weber, of 
the Zurich Polytechnikum, who was empowered to make a complete series of 
experiments to ascertain exactly the efficiency of the installation running at 


full power and under such conditions as he thought best. 
*See Appendix L, Volume II. 
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It was stated that the choice of Professor Weber gave the assurance that 
these trials would be made in the most conscientious and competent manner, 
to facilitate which special measuring instruments were prepared. 

As the revolutions of the Niagara turbine, and the weight to be sustained 
and governed, could only be determined after conference with the electrical 
engineers who were to design alternators for the same shaft as that of the 
turbine, no definite contract for either hydraulic or electrical machines could 
prudently be made until the official report of the Lauffen-Frankfort trans- 
mission had been made and analyzed. 

Professor Weber informed Colonel Turrettini in January, 1892, that the 
results were very good. 

The detailed report, made public later by the committee of the Frankfort 
Commission, showed a total net efficiency from alternator to motor of 77 
per cent. 

Colonel Turrettini pronounced the operation very satisfactory, and that 
this transmission of 175 kilometers justified the cataract company in anticipa- 
ting its proposed power transmission, 32 kilometers to Buffalo, as an assured 
success. 

The cataract company first adopted, tentatively, 2500 horse-power as the 
power unit of its turbine. Its first invitations for the study of the appropriate 
designs, or the avant-projet, were issued from Geneva, July 11, 1891, by 
Colonel Turrettini, its foreign consulting engineer, to three Swiss firms that 
had received from the International Niagara Commission the highest awards 
or premiums for projects for hydraulic development. 


Escher, Wyss & Company, of Zurich, Switzerland 
Faesch and Piccard, of Geneva, Switzerland 


Joh. J. Rieter & Company, of Winterthur, Switzerland 


TURBINE PROJECTS 

Escher, Wyss and Company devised a 200 horse-power turbine consisting 
of two wheels superimposed, that was in operation in a factory in Austria in 
December, 1891, and gave entire satisfaction, particularly in its great rapidity 
of rotation, such as would facilitate direct operation with an alternator on a 
single shaft. This turbine was experimental in character in anticipation of 
the use of its type in their proposed design for Niagara. 

On January 20, 1892, this firm presented a Niagara project of this type, 
of 5000 horse-power. The mean diameter of the two wheels corresponded to 
the normal speed of 300 revolutions, but the upper wheel had a crown slightly 
larger in diameter than the lower one. The difference in the surface of the 
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turbines was calculated according to the water pressure and to the weight of 
the turbine, its shaft and the generator. The upper turbine could thus be 
used to support partially the revolving mass so as to diminish its weight at the 
points of contact in operation. 

Messrs. Faesch and Piccard also presented, in January, 1892, a somewhat 
similar project of the same horse-power and revolutions. This turbine also 
consisted of two superimposed wheels, each with its own independent water- 
inlet, but the system by which the support of the revolving mass was obtained 
differed from the other project. 

While the lifting, in the Escher-Wyss design, was secured by the difference 
in the size of the crown of the Jonval inward-discharge turbines, Faesch and 
Piccard used equal sized Fourneyron outward-discharge turbines. The strain 
on the blades of the turbines was avoided by the balancing of the water pres- 
sure, and the weight of the 76 tons of turbine, shaft and dynamo bore on a 
solid dise, which replaced the arms of the upper turbine. The hydraulic pres- 
sure was produced under this dise by means of apertures in the upper part of 
the distributor. When the machine was not in motion, its weight rested on a 
support at the upper end of the shaft. 

The regulators or governors, of the two projects differed considerably. The 
technical construction and operation of the Faesch and Piccard regulator were 
preferred by the board of engineers of the cataract company. 


FAESCH AND PICCARD PLANS AND ESTIMATES 


Complete turbine plans were submitted by Faesch and Piccard in March, 
1892, and were selected by the board of engineers and the foreign consulting 
engineers of the cataract company for elaboration and construction. As soon 
as working drawings could be prepared, they were submitted to the I. P. Morris 
Company, of Philadelphia, for an estimate of the cost of construction and in- 
stallation. 

With this estimate in hand for comparison with the preliminary estimate of 
Faesch and Piccard, it was easily shown that it was much cheaper for the 
cataract company to build the turbines in this country and pay the royalties 
on the design, the charges for the working drawings and for the guarantee of 
efficiency, as well as the salary and expenses of the superintendent of construc- 
tion, than to have the turbines constructed by Faesch and Piccard in Switzer- 
land, with the unavoidable charges for insurance, rail and ocean transporta- 
tion and customs duties added thereto. 

Faesch and Piccard undertook the investigation, for their own guidance, 
of the cost of transportation of turbines such as they had designed for The 
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Cataract Construction Company, and the rate of duty thereon to the United 
States. They also, with the assistance of their representative in the States, 
ascertained the probable cost of materials and labor to produce a similar 
turbine in America, and gave the result of their investigation as follows: 
Everything considered, we do not believe that it is possible for us to offer you any ad- 
vantages in competition with Americans, such as would prompt you to give us the 
preference. Since, as a result of our investigations and calculations, we shall not be able 


to maintain the advantages in price which we expected to offer you, we refrain, with 
regret, from making you any proposal. 


TURBINE SPECIFICATIONS 


The plan of the single inlet-canal and its power stations, under favorable 
consideration at that date, provided for two power-houses, one on the westerly 
side of the inlet-canal for the development of electrical energy, and the other 
on the easterly side as the compressed-air station. For the electrical station 
an arrangement was suggested of four turbines of 2500 horse-power each, all 
in a single group pit of 10,000 horse-power. This was to be studied in com- 
parison with the advantages of operation and costs of placing each turbine of 
2500 horse-power in an independent pit by itself. 

For the compressed-air station it had been recommended that turbines of 
2500 horse-power with vertical axis should be connected by the shaft with two 
compressors of 1250 horse-power each, all operating in underground chambers. 

Proposals from Joh. J. Rieter and Company were received, dated 
August 29, and October 1, 1891, each for four Girard type turbines at 75 
revolutions per minute; one with horizontal and the second with perpendicular 
shaft directly connected to an air compressor of 1250 horse-power each, in 
wheel-pit groups of 10,000 horse-power. 

The letters of invitation stated that these plans were simply general indica- 
tions and did not in any way restrict the designers in the preparation of what 
they considered best adapted for the purposes intended. It was explained that 
there should be taken into consideration the diminution of the section of the 
wheel-pit as an important element of economy, and that the excavation of 
a continuous slot would be more economical than that of independent 
wheel-pits. 

Consideration was requested as to whether the inertia of the turbine would 
be sufficient to take up any sudden changes in the load, or whether it would 
be necessary to provide for a supplementary fly-wheel to regulate the working 
of the compressors. 

With the avant-projet it was desired that there be submitted estimates 
of the cost of (1) execution in the shops of the designers; (2) preparation of 


105 


NIAGARA POWER 


detailed plans for execution in the United States; (3) supervision of con- 
struction; (4) guarantee of efficiency and good work. 


“AVANT-PROJET”’ FOR ELECTRICAL GENERATORS 


While negotiating the contract for turbines, preliminary plans for elec- 
trical generators of 2500 and 5000 horse-power each were submitted by the 
Oerlikon Company for consideration. 

As the Oerlikon Company was the principal party to the design and execu- 
tion of the experimental line of transmission of power from Lauffen to Frank- 
fort, and was frequently united with other Swiss concerns when turbines were 
required to drive the electrical generators of the Oerlikon Company, the engi- 
neering studies of Niagara requirements soon developed an agreement as to 
the units of power, revolution and weights considered most advantageous for 
the Niagara installation, and led the cataract company to adopt the power 
unit of 5000 horse-power at 250 revolutions per minute. 

The plans for the cataract company in its Niagara power development had 
reached, by July, 1891, the stage of 


1. Hydraulic system of a single inlet-canal, the shortest possible 
discharge tunnel, and a central station of power development. 


2. Local distribution of power by direct current of electricity. 


3. ‘Transmission of power to Buffalo by compressed air. 


In the early autumn of 1891, it became evident that the alternating current 
of electricity could be safely and economically controlled for the transmission 
of power more than five times the distance from Niagara to Buffalo. It was 
then recognized that in the plans for development and distribution of power 
at Niagara, all other methods could be disregarded and only electricity em- 
ployed for both local and distant use. From this period all serious attention 
was concentrated upon electrical installations, generators, transformers, lines 
of transmission, motors and power and light distribution, 


THE TURBINE UNIT 
The design of a hydraulic motor of this unprecedented power called not only 
for greater skill, derived from the sciences of mechanics and hydraulics, but 
also for the strongest of metals and in quantities that surprised those not 
familiar with the subject, when they first saw the various elements of the ma- 
chine assembled and in position for action. 


Elements of the double-wheel turbines of Power-house Number One, of 
The Niagara Falls Power Company, designed by Faesch and Piccard, of 
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Geneva, Switzerland, and constructed by the I. P. Morris Company, of Phila- 
delphia, are here illustrated. (See also page 118.) 

When superimposed in their proper position, the two wheels, the upper one 
inverted, were 10 feet 10 inches apart from center to center. Each wheel was 
16 inches face, made up of three tiers of openings each 35 inches wide, with 


Tursine Runners; Lower Pensrock E.sow ror PowrEr-Hous—E NuMBER ONE 


I. P. Morris Company, PHmapELPHIA, MAKERS 


partitions between them. The water entered the inside of the wheel and de- 
veloped its power as it forced its way through the discharge openings outward 
into a case that covered the wheel, from which the water was discharged into 
the conduits below. 

The control of the speed of revolution of these twin wheels, or turbines, by an 
automatic governor, is accomplished by the use of circular iron collars, outside 
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of the wheels, each collar being wide enough to cover all the openings of 
each wheel. The collars are connected by rods and so arranged that as they 
move up or down over the face or side of the wheels, no two levels of discharge 
are opened or closed at the same time. 

The penstock is in the form of a continuous tube 7 feet 6 inches in diameter, 
utilizing a head, or fall, of water of about 140 feet. 


TurBiIneE WHEEL-CASES FOR PowEr-HOUSE NuMBER ONE 
I. P. Morris Company, PuitapetPeuia, Makers 


THE TURBO-GENERATOR 
The single machine, that changes the force of falling water to the power 
of electric energy, consists of a turbine as the prime mover, mounted upon a 
vertical shaft which revolves a generator on its top, a total weight of seventy- 
six tons of metal, turning at the rate of 250 revolutions per minute, the linear 
velocity of the field ring of the alternator being 105 miles per hour; the elements 
combined constituting a hydro-electric unit, or turbo-generator, producing 
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the equivalent of 5000 horse-power, constantly available, locally or at a dis- 
tance, within a radius of more than 100 miles. 
PROFESSOR PICCARD DESCRIBES THE FAESCH AND PICCARD TURBINE 


Prof. Paul Piccard, the designer of the Niagara turbine, describes the ma- 
chine as follows: 


The Cataract Construction Company adopted units of 5000 horse-power at 250 
revolutions per minute, the discharge of each turbine being 430 cubic feet per second with 


Pror. Paux Piccarp | 


or GENEVA, SWITZERLAND, DESIGNER OF THE | 
Nracara Type or Tursrne INSTALLED 
IN Power-HovusE NuMBER ONE 


an efficiency of at least 75 per cent. The number of revolutions was too great to be ob- 
tained with a single turbine wheel, the diameter’ of the wheel corresponding to this speed 
being too small to allow the distributor the section necessary to discharge the large 
quantity of water required. In order to maintain this diameter, it was necessary to adopt 
a double turbine, or two turbine wheels fixed on the same shaft and each having its own 
distributor. These are radial outward-flow turbines, like those of the Fourneyron system, 
and both wheels are alike. The water is introduced upon the whole inner circumference. 
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The distributors and turbine wheels are divided into three stories. This system was 
adopted on account of the following advantages : 


1. It allows the adaptation of a balanced gate, which is indispensable when an auto- 
matic governor is to be used. 


2. The jets of water being radial, that is to say acting in a perpendicular direction 
to the turbine shaft, the pressure of the water is also perpendicular to this shaft, and 
does, therefore, not increase the pressure upon the step, this latter being able to support 
a limited weight only. A radial turbine has an unquestionable advantage over an axial one 
in this regard, especially in powerful turbines. These two advantages being very impor- 
tant determined the adoption of a radial turbine. The preference was given to an out- 
ward-flow turbine rather than to an inward-flow one for an economical reason, an outward 
flow turbine being much lighter and therefore cheaper. It is an easy matter to demon- 
strate this fact. The water, after passing through the turbine wheel giving up the greater 
part of its power, has to leave the wheel with a moderate speed in order not to waste an 
appreciable part of power in form of live force. 

In an outward-flow turbine, the discharging surface is the outside circumference of 
the wheel, the distributor and wheel being at the interior of it. In an inwa rd-flow turbine, 
the water has to be discharged at the interior of the wheel, and distributor and wheel 
have to be at the ewterior of this same discharging surface. Consequently, they have to 
be larger and heavier and will be more expensive. 

We have already mentioned that the adopted turbines are divided in three stories. 
The fixed and movable crowns instead of having buckets taking the whole height, have 
them divided into three parts by means of horizontal separations. Each story can be 
considered as a wheel proper, working when fully open with one-third of the whole water 
discharge of the wheel. Each story giving its maximum efficiency when it is entirely 
open, the turbine will have a good efficiency with one-third, two-thirds, and total gate 
opening. Between intervals the efficiency will diminish somewhat. With these divisions 
a turbine can, therefore, be obtained which gives a good efficiency with a partial 
discharge. 


No special fly-wheel, as shown on the original design and that some engineers 
thought necessary, was provided for these turbines, because the revolving 
parts of the generator were heavy enough of themselves to provide the neces- 
sary momentum to maintain a steady rate of rotation of the hydro-electric 
machine, even upon a sudden change of load. 

The working drawings of the turbine and governor and their installation, 
were completed in Geneva, Switzerland, in August, 1892, and were brought 
to The Cataract Construction Company on September 19, 1892, by Rudolphe 
Baumann, a Swiss engineer, the representative of Faesch and Piccard, of 
Geneva, who had been selected under the terms of their contract, to superin- 
tend and direct the construction, installation and putting into service of 
the turbines. ) 
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Mr. Baumann was especially qualified for this work, as he had collaborated 
with his firm in the development of the entire project, including all the details 
of construction and installation and the testing for fulfillment of the con- 
tractual guarantees, which included the following: 


That the mechanical efficiency of each turbine should be not less than 
75 per cent at full gate, for the water discharged; 


That the whole plant should be so constructed, set up and put into 
service that it would operate in good working order; 


That the variation of speed of the turbines, more or less than the 
average speed, should not exceed two per cent in normal working, 
and should not exceed four per cent when the resistance should 
be suddenly varied 25 per cent. 


It was explained that the change of speed of revolutions from 300 per 
minute, as first ordered and designed, to 250 per minute, made no other 
change in the design than to increase the diameter of the turbine 3.937 inches 
(0.10 m.). Theodore Turrettini, engineer of Geneva, was agreed upon as 
referee in all matters of difference, and his decisions were to be final and bind- 
ing upon both parties. 


CONTRACT AWARDED FOR CONSTRUCTION OF TURBINES IN PHILADELPHIA 


It was not until November, 1892, that all details of this novel machine were 
determined, when the contract for the manufacture of two turbines of 5000 
horse-power each was awarded, in a competition, to the I. P. Morris Company, 
of Philadelphia. By reason of the special construction of the governing 
mechanism, these novel machines, one governor for each turbine, were ordered 
from Faesch and Piccard, their designers, to be built in their own shops in 
Switzerland. An additional turbine, the third, was ordered from the I. P. 
Morris Company in 1893. 

During the year 1893 much progress was made in determining the im- 
portant details of the electric system. Approximate dimensions and weights 
were adopted and contracts awarded for three alternators. 

The board of engineers and their engineering forces engaged in construc- 
tion were disbanded January 1, 1893. They had completed their work per- 
taining to the tunnel, inlet-canal, wheel-pit slot, power-station, transformer- 
house, terminal railroad and Echota railroad station, water-works, Echota 
village, its cottages, drainage and sewerage system, local transmission line 
and minor structures. 
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In August, 1893, DeCourcy May, mechanical engineer, a recognized expert 
in the design and construction of heavy machinery, and late superintendent 
of the I. P. Morris Company of Philadelphia, joined the engineering forces 
at Niagara Falls, as assistant to the president of The Niagara Falls Power 
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Company, and later as chief engineer of The Cataract Construction Company. 
He was charged with the preparation of the wheel-pit and power-house for 
the installation of the turbines and generators over which construction he had 
supervision as general superintendent until the operation of the first three 
power units in the autumn of 1895, when he resigned. 
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DeCourcy May, in charge of installation, reported January 20, 1894, that 
the wheel-pit was ready for the installation of the turbine machinery. 
Mr. Baumann wrote September 17, 1895, that: 


The efficiency of the turbines and the regularity in speed being within the guaranty 
given by Messrs. Faesch and Piccard, I think that the conditions of their contract are 
also fulfilled, and beg you therefore to accept the two turbines mentioned. 


PUBLIC CONFIDENCE MANIFESTED 


Engineers and men of affairs who had closely watched the development of 
the plans, commenced to express their confidence in the enterprise; applications 
for power were increasing in number and were of a definite character; public 
interest had changed from curiosity to approval, and imitations of methods 
became noteworthy; Buffalo manifested impatience for power; and when it 
was officially announced that Turbines Numbers One and Two were completed 
and in good working order, the stockholders of the Niagara companies and 
the citizens of Niagara Falls rejoiced, relaxed their tension of more or less 
anxiety, and the executive officers, constituting the active management, were 
congratulated and gratified. 


REORGANIZATION OF ENGINEERING STAFF 


The personnel of the engineering staff was gradually changed at this period 
of 1892-1893, in preparation for the adoption and installation of the machinery 
to utilize the great hydraulic plant, that with its auxiliary structures and 
improvements was then approaching completion. With Dr. Sellers and De 
Courcy May, mechanical engineers, and George B. Burbank, civil engineer, 
the company was ably represented on the ground, and with consulting engi- 
neers available, Clemens Herschel at home and Col. Theodore Turrettini and 
Prof. W. Cawthorne Unwin abroad, counsel in hydraulics and mechanics was 
within quick communication and conference. 

Prof. George Forbes, electrical engineer, of London, who had been awarded 
a first premium by the International Niagara Commission for his alternating 
current project for power distribution, was also at that time retained by The 
Cataract Construction Company, for a study of its opportunities for local 
and distant transmission of power. 


FIRST POWER CUSTOMERS 
(a) Water-power—Paper—Pulp 
(b) Electrical Power—Aluminum 
(c) Water Pumps—Potable Public Supply 
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The water of the power company’s inlet-canal was first used by the Inter- 
national Paper Company upon turbines having an effective 3300 horse-power 
that was used directly, without electrical conversion, in the manufacture of 
wood pulp. These three turbines of 1100 horse-power each, were designed by 
Emil Geyelin and built by R. D. Wood & Company, of Philadelphia, and 
used chiefly for mechanical power. The use of hydraulic power only was 
also made by the Niagara Falls Water-Works Company to the extent of 
about 300 horse-power, by the use of Pelton water-wheels driving Riedler 
pumps. 

The first electrical power, generated at, and distributed from, Power-house 
Number One, was about 5000 horse-power transmitted 0.46 mile to the Pitts- 
burgh Reduction Company.’ 

The press announcements of the first installations, transmission and use of 
electrical power from the central station, Power-house Number One, attracted 
much attention, at home and abroad, and brought many inquiries, by corre- 
spondence and personal application for details of. methods employed. 


APPLICATIONS FOR ELECTRIC POWER 
INCREASED UNITS INSTALLED 


Applications for the lease or purchase of land for the erection of manu- 
factories to use the electric power were made in increasing numbers and im- 
portance. These prompted The Cataract Construction Company to contract 
for additional turbines and for the extension of the power-house so as to pro- 
vide the necessary space for a plant comprising ten turbines in all, of the same 
design and manufacture. The installation of these turbines of 5000 horse- 
power each, averaged two per annum from 1896 to 1900 both inclusive. They 
were of the Faesch and Piccard design, described as the Fourneyron type, 
double-wheel, outward discharge without draft tubes, and numbered respec- 
tively from one to ten, and all constructed by the I. P. Morris Company of 


Philadelphia. 
POWER-HOUSE NUMBER TWO 


Escher-Wyss Turbines 


55,000 Horse-power 


The increased demand for electrical power in 1899-1900 prompted The 
Cataract Construction Company to contract for (1) the erection of Power- 
house Number Two, on the easterly side of the inlet-canal and nearer to its 
mouth than the first central station and (2) eleven turbine units of 5000 horse- 
power each, of a total capacity of 55,000 horse-power. 

* Now the Aluminum Company of America. 
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Ground was broken on February 12, 1900, for the extension of the main 
discharge tunnel to the wheel-pit slot and Power-house Number Two. 

At this time it was considered good business policy to introduce the turbine 
design of Escher, Wyss & Company, into the plant. These turbines were 
guaranteed an efficiency, at least equal to that of the Faesch and Piccard 
wheels. 

This encouragement of competition between Swiss turbine builders was 
deemed prudent and wise, especially while American turbine manufacturers 
were increasing their factory facilities and strengthening their engineering 
staffs of expert hydraulic designers and constructors, but which concerns were 
not then of sufficient experience and equipment to justify the risks involved 
in so large an expenditure as that required for an entire power-house, to be 
entirely composed of machines of identical design. 

The turbines designed by Escher, Wyss & Company, of Zurich, were con- 
structed by the I. P. Morris Company of Philadelphia. They differed from 
the F’aesch and Piccard machines in the particular respects that they were of 
the Francis single-wheel, inward-flow type, discharging into a draft tube 
which branches into two sections, that run downward, back of the wheel-pit 
walls, and re-enter the wheel-pit at an angle of 45 degrees. Balancing pistons, 
on the lower end of the shaft, operating under water pressure, carry a large 
portion of the weight of the revolving parts of the units, while the remainder 
is carried on oil pressure thrust bearings. 

Power-house Number Two differed but little in the arrangement of its ma- 
chinery. The principal change was in the construction of the house itself, with 
a covered forebay and a deep subaqueous inlet as a protection against the 
surface accumulation of ice. 

Power Unit Number 11, the first in Power-house Number ‘Two, was in 
commercial service October 31, 1902. The entire installation was completed 
and the eleven units, excepting the reserve unit, Number 21, were placed in 
commercial service, as each unit became available; three units a total of 15,000 
horse-power, in 1902; six units a total of 30,000 horse-power, in 1903; and two 
units a total of 10,000 horse-power, in 1904, a total of 55,000 horse-power in 
a period of three years. 
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CANADIAN POWER-HOUSE 
TURBINE CAPACITY AND DESIGNERS 


51,250 by Escher, Wyss & Company 
57,750 by Charles C. Egbert 


The location of a power-house in Canada, facilitated the construction of 
turbines in Switzerland, as they could be imported into Canada, where the 
custom-house duty was much less than in the United States. 

Further experience with large hydro-electric units enabled the N lagara 
company to adopt still larger units in its third power-house in Canada. Care- 
ful study of Niagara and other turbines of foreign design since the installa- 
tions in Power-house Number One had stimulated American manufacturers 
of responsibility to provide ample facilities for the construction of turbines 
according to the latest developments of hydraulic engineering. Ten turbines 
of a total capacity of 109,000' horse-power were installed in the Canadian 
plant. Five units, Numbers 1 to 5, of a total capacity of 51,250 horse-power 
were designed by Escher, Wyss & Company of which Numbers 1, 2 and 3 were 
constructed and installed by the Zurich firm in 1905 and Numbers 4 and 5 by 
the I. P. Morris Company in 1906. The remaining five turbines were designed 
by Charles C. Egbert, consulting mechanical engineer, of N lagara Falls, 
New York. Two of 12,750 horse-power each were constructed and installed 
by the Bethlehem Steel Company, of Pennsylvania; Number 6 in 1910 and 
Number 7 in 1913. Three of 10,750 horse-power each were constructed and 
installed by Wellman, Seaver, Morgan & Company, of Cleveland, Ohio; 
Numbers 8 and 9 in 1916 and Number 10 in 1917. 

The Escher, Wyss & Company turbines for the Canadian plant were 
similar in design to the Francis inward-flow type designed by that house for 
the eleven units installed in Power-house Number Two. 

The five turbines designed by Charles C. Egbert were designed to conform 
to existing wheel-pit conditions. The wheel-pit had been completed for the 
installation of Units Numbers 6 to 10 inclusive, which were to be the same 
as Units Numbers 1 to 5 and to give 6500 horse-power more than those 
already installed. In order to do this the Turbines Six and Seven were built 
with two spiral wheel-cases. The upper one discharges through the draft tubes 
which had been built into the wheel-pit walls and the lower one through a 
center draft tube directly into the wheel-pit. 

Turbines Eight, Nine and Ten were similar to Units Numbers 6 and 7 
but they were designed to give greater efficiency by eliminating the double 


* An additional 12,000 horse-power unit was installed in 1924 bringing the total rated capacity to 
121,000 horse-power in the Canadian power-house. 
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lower penstock elbow where the losses were rather large. The discharge from 
the single spiral steel case is through a draft tube moulded in the concrete arch 
which spans the wheel-pit and supports the turbine. All the weight of the re- 
volving parts is carried by oil pressure thrust bearings in each of the five 
Egbert turbines. The speed of all these turbines is controlled by cylinder 
gates located between the runner and the guide vanes. They are moved 
vertically by the governors located on the generator floor, through a series of 
rods and levers. 


CONSIDERATIONS LEADING TO REPLACEMENTS IN POWER-HOUSE NUMBER ONE 


The considerations of safety that directed the design of the ten turbines 
of Power-house Number One in 1895-1900 and the experiences in their opera- 
tion that prompted their reconstruction in 1910-1913, with a 10 per cent in- 
crease in efficiency, are of interest here, as one of the important improve- 
ments found desirable an the great and novel system adopted in 1892. 


WATER WITHOUT LIMIT 


Nearly all statements made, by way of encouraging favorable consideration 
of plans to develop Niagara power, have used the phrase, “unlimited power” 
in referring to the volume of water flowing in Niagara River, over its 
great natural dam, and creating the Great Falls, the “unlimited” source of 
power. 

The right to avail of this great volume of water was believed to be the in- 
herent right, under the general laws of the State of New York, that was in- 
separable from the ownership of uplands bordering upon streams, to use the 
water as the riparian rights pertaining to the adjoining lands under water to 
the middle of the river bed. As the proposed diversion of water by The Ni- 
agara Falls Power Company included provision for its restoration to the 
river from the shore lands of that company, below the falls, this riparian right 
was considered a definite, important and fundamental right in marshalling the 
assets of the enterprise and planning for their utilization in the development 
of Niagara power. In reliance upon this abundance of water the engineers 
proceeded with plans, always making liberal allowances when in doubt as to 
the results of using such very large and novel machines as proposed in utiliz- 
ing the large quantities of water available for power purposes. 

Safety of operation and repair, and continuity of output were considered 
of the greatest importance in the scheme of installation. The desirability, if 
not the necessity, of frequent examination of the installations when in opera- 
tion, prompted various precautions, of which a few may be mentioned. 
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LOCATION OF TURBINES AND TUNNEL 


The grade of the tunnel and the depth of the wheel-pit were established so 
as to permit personal examinations of each turbine, without the necessity of 
shutting down its neighbors, with the least interruption to the service and the 
avoidance of danger to the inspectors. 

With the adoption of the plan of a central station or power-house, there 
followed the abandonment of the pro ject for four turbo-electrie machines in 
a single wheel-pit and in lieu thereof the arrangement of the machines in line, 
parallel and near to the inlet-canal, so that each machine was operated as an 
independent and complete unit. 

In locating the turbines, ten in a row, it was first proposed that as each’ 
turbine had its own penstock connection with the inlet-canal, each should 
likewise have its separate discharge conduit connection with a general service 
or tail-race tunnel, parallel with and back of the wheel-pit slot, that would 
provide for all turbines a connection with the main tail-race or discharge 
tunnel. This greatly increased the necessary rock excavations. 

As the wheel-pit required, as a measure of safety, its own direct connection 
with the main tunnel, it was determined to omit the common tail-race service 
canal and give each turbine its own downward discharge directly into the 
wheel-pit tail-race, whence such waters would unite and flow through the short 
curved tunnel connecting the wheel-pit with the main discharge tunnel. 

As the head of water and its volume were considered more than ample for 
the work intended, the turbines were located 10 feet 9 inches above the water 
level in the tail-race. Notwithstanding this provision, it is stated by L. E. 
Imlay, superintendent of operations of the plant, that during the operation 
of both power-houses the tail water rose so that the lower parts of the Four- 
neyron, the first Niagara turbines, were often practically submerged, pre- 
venting access to the interior so that when repairs had to be made the load 
had to be reduced. 

While this location as shown decreased the available head or fall to about 
136 feet, it was thought to have three advantages, viz.: 


1. It should protect the turbines from being submerged by an influx 
of water from the tunnel, arising from a sudden rise in the water 
level of the river from ice jams or other causes, or from the ac- 
cumulation of huge air pockets from wave currents in the flow- 
ing water of the tunnel; 


2. It should permit an examination of any one or more turbines, and 
their being taken apart or repaired above the water, without 
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interfering with the operation of the other turbines at the same 
time; and 


3. It was economical in avoiding an expenditure for a service canal 
tunnel that possibly might be only a temporary expedient. 


The above indicated decisions were made prior to the enactment by the New 
York State Legislature of the amendments to the charter of The Niagara 
Falls Power Company, including the provision limiting its right to divert 
water from the river for power purposes to not exceeding 200,000 effective 
horse-power. This curtailment of riparian rights was not then considered as 
serious to the company’s expansion as it became about ten years later, as the 
experimental character of the undertaking was still uncertain, and the de- 
mand for electrical power awaited the subsequent demonstration of its con- 
trol and utility. 

OPERATION OF POWER-HOUSE NUMBER ONE 


Early in January, 1900, Dr. Coleman Sellers, chief engineer, and his asso- 
ciated engineers, Clemens Herschel, hydraulic engineer, Lewis B. Stillwell, 
electrical engineer, W. A. Brackenridge, division engineer, and Albert H. 
Porter, resident engineer, prepared a memorandum regarding the operation 
of Power-house Number One, as a guide in formulating the designs for the 
hydro-electric equipment of Power-house Number Two. The improvements 
suggested to quicken the currents of discharge in the wheel-pit and through 
the branch tunnel to the main discharge tunnel were calculated to improve 
turbine efficiency, as would the proposal to extend the main tunnel to Power- 
house Number Two, of the same size for the entire distance, and eliminate the 
short extension, previously constructed of a contracted area. 


EGBERT’S SUGGESTIONS FOR TURBINE IMPROVEMENT 


The severe tests of the machinery during the winter, 1898-1899, of unprec- 
edented severity, with conditions that were not fully taken into consideration 
when the hydraulic part of the machine was being built, prompted suggestion 
for modifications that would anticipate the freezing of the water in the canal 
to such depths that dynamite only could break it up, and the forming of 
anchor ice that would encrust the racks guarding the inlet to the penstocks, so 
that almost no water could pass the bars. 

Provision for easy and prompt access to the wheel-cases was found 
necessary in order to remove therefrom logs, tools, large pieces of cloth, 
clothing, bark, small stones, compacted ice, etc., that from time to time, 
choked the distributors of the lower wheels. 
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Numerous other modifications of design for the turbines in Power-house 
Number Two were urged for careful consideration. The suggestion was 
made that further operations should be carefully noted for future use when 
the pressing requirements of customers had been more nearly provided for 
than at that time, by the commencement of operations in the proposed Cana- 
dian plant, as well as in Power-house Number Two, before interrupting the 
production in Power-house Number One, as was considered necessary to 
effect the changes thought to be desirable. 

Charles C. Egbert,’ mechanical engineer of The Niagara Falls Power Com- 
pany, who had spent much time abroad in becoming familiar with the latest 
turbine practise of continental engineers, and who had acquired several 
years’ experience in the design, construction and operation of the Niagara 
plant, called attention to the advantages that could be gained by the recon- 
struction of the turbines in Power-house Number One. During the design 
and construction of the five 10,000 horse-power turbines of the Canadian plant 
under the contract with Escher, Wyss & Company, Mr. Egbert, who had been 
named in the contract as the official inspector for The Niagara Falls Power 
Company, resided in Zurich and participated in the testing of materials and 
the inspection of the construction as it progressed in the shops. 

In April, 1907, he submitted his suggestions for increasing the efficiency 
of the double wheel turbines in Wheel-pit Number One. He expressed his 
confidence that it would be practicable to replace the existing Fourneyron 
turbine units Numbers 1 to 10 with single-wheel Francis turbines set higher 
in the wheel-pit, using the original foundation castings for the reconstructed 
machines. He proposed to equip the new machines with draft tubes, which 
would have the effect not only of increasing the efficiency of the turbine but 
of lowering somewhat the water levels in the wheel-pit, thereby increasing 
the output of the wheel-pit in a substantial degree. 


REPLACEMENT OF ORIGINAL TURBINES IN POWER-HOUSE NUMBER ONE 


In October, 1908, Mr. Egbert reported that he considered the time ripe to 
take up seriously the subject of turbine replacement as previously suggested. 
The Canadian plant had 51,250 horse-power in service at that time. The 
demand for additional power from old and new customers was stil] increasing. 
He now believed that the desired improvements could be made without shut- 
ting down Power-house Number One and at a comparatively small expense. 


The following statement was made by Mr. Egbert in advocating that he be 


*See Volume I, page 287. 
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authorized to prepare his working drawings for the reconstruction of one 
turbine unit as he had described. 


The output of the present plant of the company is limited, first, by its physical capac- 
ity ; second, by the Burton Act. In both cases the largest returns on the investment 
will be obtained by having the most efficient machinery, provided the output can be sold. 
This also holds if, in the future, it is found advisable to construct a second tunnel. 

The Burton Act, permits us to divert 8600 cubic feet of water per second. The paper 
mill uses, say, 700 cubic feet per second which leaves 7900 cubic feet per second for the 
development of power in Power-houses Numbers One and Two. By substituting Francis 
type of turbines with draft tubes in place of the Fourneyron type of turbines now in 
Wheel-pit Number One and operating all the turbines running at 70 per cent or more 
valve opening, it will be possible to generate upwards of 85,000 electric horse-power in 
the two power-houses, or about 20,000 electric horse-power more than is now considered 
available. The increase in output will result (1) from the greater efficiency of the new 
turbines; (2) from the utilization of the entire head between head water and tail-race; 
(3) from the lowering of tail water in Wheel-pit Number One by pointing the discharge 
from the draft tubes down stream, and (4) from the possibility of loading the units 
more economically. 


Mr. Egbert estimated that the turbines of the type proposed and indicated 
by the drawing on page 119 could be installed at a cost of about $30,000 per 
unit, and that such additional power in that power-house could be obtained 
more cheaply and more quickly than by the installation of additional units in 
the Canadian plant. 

The authority to prepare the working drawings was given to Mr. Egbert, 
as he had requested, and contracts were entered into by The Niagara Falls 
Power Company with the Bethlehem Steel Company for the reconstruction of 
one unit which was duly installed October, 1910. Its successful installation 
without disturbing the operation of the other units in the wheel-pit slot and its 
realization of all that its designer had promised in resumption of service, led 
to the placing of a single order for nine additional turbines of the same design. 
The replacements were made, one unit at a time, in 


Units 
1910 i 
1911 3 
1912 5 
1913 1 


Total units 10 


Total rated capacity 50,000 horse-power. 

The total expenditure for this reconstruction was $447,000, including the 
substitution of steel in place of wooden decks in the wheel-pit, which was not 
considered when first estimating the total cost. 
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GOVERNORS 


The regulation of the speed of the first three hydro-electric units was secured 
by the action of the mechanical governors designed and built by Faesch and 
Piccard of Geneva, Switzerland, for connection to the turbines designed by 
them and constructed by I. P. Morris & Company of Philadelphia. These 
were applied to the turbo-generator power units, Numbers 1, 2 and 3 


Dr. Coteman SELLERS Wartcuine THE OPERATION OF THE FaEscH AND 
Piccarp Governors Usep on THE First Toree Turso-ceneravor 
Power Units 1x Powerr-HovseE NuMBER One 
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MECHANICAL Governor Designep BY 
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First Tourer TuRBO-GENERATOR Power 
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(wir Diacram) 
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in Power-house Number One. These mechanical governors operated satis- 
factorily and remained in use for fifteen years. They attracted much attention 
from expert mechanicians who recognized their ingenious devices for the 
special purposes for which they were designed. 


Ercrric Governor Desicnep sy Dr. Coteman SELLERS AND UsEep 
ON THE Last SEVEN oF THE TEN OricINaL TuRBO- 
GENERATOR Power Unrrs Insratuep In 
PoweEr-Hovuse NumsBer One 


The remaining seven turbo-electric units of Power-house Number One 
were governed by the electric machines devised by Dr. Coleman Sellers, chief 
engineer of The Niagara Falls Power Company and constructed by William 
Sellers & Company of Philadelphia. 

These two types of governors were practically similar in the respect that 
their application of power to the gate rack was made through a train of gears 
driven from the main shaft of the turbine. The difference between these two 
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types of governors is described by an engineer’ familiar with their operation 
as follows: 

In the Faesch and Piccard governors the application of power in either direction to 
the gate rack was controlled by means of two friction clutches actuated by the fly-balls 
through a pawl and ratchet device, while in the Sellers governors the same was accom- 


plished by means of two magnetic clutches actuated by the fly-balls through electrical 
contacts. 


Of the two types, the Faesch and Piccard was superior, because it performed as well, 
if not better, than the Sellers type, and was simpler and easier to adjust and maintain in 
good working order. The magnetic clutches of the electrical governor was due to residual 
magnetism in the former after the current was cut off. 


All of the ten governors, three mechanical and seven electric, were mechani- 
cally operated by direct connection to the main shaft of the unit and were in 
continual use until, commencing in 1910, the ten turbines were successfully 
changed from the original Fourneyron outward-flow type of double wheel to 
the Francis single wheel inward-flow type with draft tubes. 

At the time when the Francis type turbines were substituted for the 
Fourneyron type turbines in Power-house Number One, there had already 
been installed in Power-house Number Two and in the Canadian plant, 
fifteen governors of the oil-pressure type which at that period had generally 
superseded the mechanical type for regulating water turbines. With the 
purpose of having all governors in the three plants of uniform design, it was 
considered best to discard the mechanical and electrical governors and equip 
the new turbines in Power-house Number One with the Escher, Wyss & 
Company oil-pressure type. 

These new governors are like those especially designed by Escher, Wyss 
& Company for the turbines of their design in Power-house Number Two 
and in the Canadian plant. They are operated by high pressure oil acting on 
one side of a piston to open the gate in the turbine. Counter-weights acting 
in the opposite direction close the gate. The flow of oil to and from the gov- 
ernor cylinder is controlled by a regulating valve operated by the fly-balls 
through a pilot valve. These governors and their turbines have continued in 
successful operation up to the present time. 

The Escher, Wyss & Company governors were so thoroughly satisfactory 
that upon the completion of the plants, there were thirty-one in use. 


SUMMARY OF TURBINE POWER IN THE THREE PLANTS 


The largest turbine in use anywhere in 1890, when The Cataract Construc- 
tion Company commenced the consideration of its problems, was probably less 
than 1000 horse-power and the largest were by Swiss engineers. 

1 Charles C. Egbert. 
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In 1891, The Cataract Construction Company called for designs for 5000 
horse-power units and authorized their construction for Power-house Number 
One early in 1892. The first installation of 10,000 horse-power, of two units 
of 5000 horse-power each, was put into commercial service August 26, 1895. 
This service increased progressively as additional turbines were ready for 


operation, until there were ten turbines with a total capacity of 50,000 horse- 
power. 


Governor DesicNep By Escuer, Wyss & Company in Use on ALL TUuRBO-GENERATOR 
Unirs iv PowrEr-novses Onr anp Two AND IN THE Canapian NiaGAaRA 
PLANT AT THE PresENT Time (1927) 


Of the 109,000 horse-power in the Canadian plant, 51,250 was in service 
in a period of two years and 57,750 horse-power in five years. 

In Power-house Number Two the turbine unit was 5000 horse-power 
making the entire installation of eleven units, 55,000 horse-power. 


The ten original units of Power-house Number One were replaced with in- 
crease in efficiency in the years 1910 to 1913. 
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The thirty-one turbines’ in the Niagara and Canadian plants of The Ni- 
agara Falls Power Company of 1886 are rated as follows: 


Power-house Units Capacity Total Power 

No. 1 10 5,000 50,000 
NOs? el 5,000 55,000 
No. 3° 5 10,250 51,250 
2 12,750 25,500 
3 10,750 32,250 

Totals—31 turbines of 214,000 horse-power 

an average per turbine of 6,903 horse-power 


The type of wheel of the entire plant of thirty-one’ turbines is the Francis 
inward-discharge turbine, but there are several variations of this simple de- 
scription. 

All the twenty-one turbines in Power-houses Numbers One and Two are 
of the sengle-wheel construction, discharging downward, and of 5500 horse- 
power each. 

In the Canadian power-house there are greater variations. All of the smaller 
(10,250) units have double wheels, the nether wheel discharging upwards, 
while the upper wheel discharges downward. Two of the larger (12,750) 
turbines have double wheels, both discharging downward. Three of the larger 
(10,750) class have single wheels that discharge downward. 

The science of hydraulics and the art of its application, as practised abroad 
prior to 1895, were brought by The Niagara Falls Power Company to the 
United States, where, in their utilization of water-power, they have developed 
during the past thirty years a vast industry, that conserves the coal of the 
country and has added great wealth and prosperity to the nation. 

In May, 1922, the commissioners of the Queen Victoria Niagara Falls 
Park reported the installation at Queenstown of the first 50,000 horse-power 
unit of the Hydro-Electric Power Commission and stated that 


The latest plant appears to mark a long advance in the manufacture of supersized 
turbines and generators and indicates that the 5000 to 15,000 horse-power units of the 
last twenty years will give place in special installations to units that may reach 100,000 
horse-power each. 


1 For detailed descriptions of individual turbines see Appendix P. 
2 An additional 12,000 horse-power reserve unit was installed in the Canadian-Niagara plant during 
1924, bringing the total capacity to 226,000 horse-power. 
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THE “GREAT TRIUMVIRATE” OF POWER IN HYDRAULIC STATION 3-C 


The Niagara Falls Power Company, Mcmxvu11, installed in August, 1923, 
the first of three hydro-electric units vertical type of 70,000 horse-power 
each in its Power-house Number 3-C, and thereby maintains up to the present 
date the leadership in the development of the art of turbine design and con- 
struction that was taken by The Niagara Falls Power Company of 1890. 


Turee 70,000 Horse-rowrr Unrrs 1x Sr 


ATION o-© 


The 70,000 horse-power hydro-electric units had never been assembled or 
operated previous to their final installation in the power-house. The cast steel 
turbine cases were assembled in the shop and given a hydrostatic test before 
being shipped, and the plate steel case was bolted up in the shop and the rivet 
holes reamed. All three generators were assembled and wound in the power- 
house. 

Each unit functioned properly the first time w 


ater was admitted through 
the wheel-case. Very shortly after 


the first turnover each was placed in 
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service and carried its full load; Number 1 on December 18, 1923, Number 2 
on June 1, 1924, and Number 3 on September 1, 1924. It is to the credit of the 
engineers of the manufacturing companies who furnished the apparatus and 
the engineers of The Niagara Falls Power Company, mcamxviu, who designed 
and built the foundations and settings that these exceptionally large units 
went together and into operation so satisfactorily. 


Pian SHowrne RELATION oF Casinc, SPEED Rinc, GuipE Vanes AND RUNNER OF 
70,000 Horse-powrer TurBINE IN PowrEr-HOUSE Numper 3-C or 
Tuer Niacara Farts Power Company, MCMXVUI 


Head 213.5 Feet Speed 107 R.P.M. 
Designed and constructed by the I. P. Morris Department of the William Cramp & Sons 


Ship & Engine Building Company of Philadelphia, Pennsylvania, who have built 69 turbines 
of a total rated capacity of 1,055,200 horse-power for the various plants at Niagara Falls. 
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Tue Moprern Warer-ENGINE 
THE LARGEST HYDRAULIC PRIME MOVER IN THE WORLD 
A combined hydro-electric unit designed and built by Allis-Chalmers Manufacturing Com- 
pany, of Milwaukee, Wisconsin, for The Niagara Falls Power Company. This unit is rated 
70,000 h-p., 213 feet head, 65,000 kv-a., 12,000 volts, 3-phase 25 cycles, 107 r.p.m. Developed 


82,000 h-p. under test when first installed. Rotating weight over 700,000 lbs. The designer of 
this machine recently stated’ publicly his belief that units of 100,000 horse-power are feasible. 


SPECIAL FEATURES 


Hydraucone draft tube. Viscosity type oil pumps. 
Plate steel spiral casing. Brake supporting ring forming passage for 
Direct-connected flyballs. ventilating air. 


* William Monroe White, manager and chief engineer, hydraulic department, Allis-Chalmers Manu- 
facturing Company, December 19, 1923, before the Boston Society of Civil Engineers, 
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Sprrat Castine For 70,000 Horse-PowER Nracara TURBINE 


PLATE STEEL 


Aus-Cuatmers 70,000 Horsr-POwER RUNNER 
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The leadership of the entire country in the output of electrical energy, early 
established by The Niagara Falls Power Company, has been consistently 
maintained up to the present time, under the Schoellkopf management. The 


Niagara Faris, New York 
A Niagara Station No. 2 
(55,000 horse-power reserve) 
B Niagara Station No. 1 
(50,000 horse-power reserve) 
C Station 3-A 
(130,000 horse-power) 
D Station 3-B 
(112,500 horse-power) 
E Station 3-C 
(210,000 horse-power) 
F Hydraulic No. 2 
(Abandoned, 26,500 
horse-power) 
G Hydraulic No. 1 
(Abandoned) 


K| 


(|| 
} 


(157,000 horse-power) 
M Intake for Queenstown 
Plant 
(502,000 horse-power) 


Location or Powrr-pLanrs aT Niacara Fats, 1927 


consolidated Niagara Falls Power Company produced in 1926 a total of 
3,295,780,791 kilowatt-hours of electrical energy from N lagara waters, that 
otherwise would have gone “over the dam” to the sea, been wasted and never 
missed, By utilizing the waters of Niagara, the company developed power 
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that would otherwise have required 3,295,780 tons of coal, a fuel that would 
have cost $6.50 per ton at Buffalo, or $21,422,570. 

The total rated, installed capacity of the several plants of The Niagara 
Falls Power Company, mMcmxviu, in September, 1926, was 678,500 horse- 
power. Five turbines representing a total of 50,000 horse-power have attached 
to them direct-current generators owned by the Aluminum Company of 
America, and this 50,000 horse-power is sold as mechanical energy. The 
turbines representing the remaining 628,500 horse-power are attached to 


alternating-current generator equipment having a total capacity of 466,275 
kilowatts. 


During 1927, the board of directors of The Niagara 
Falls Power Company, by resolution, named the prin- 
cipal power-houses and sub-stations of the company 
for, and in appreciation of, those men who pioneered 
the great Niagara power industry, and developed it 


to its present state of perfected service to the public. 


FORMER NAMES NEW NAMES 
Nracara Power Srations, NumBers ONE anv Two Tue Epwarp Dean Apams Sration 
CanapIaAn NiaGarRA STATION Tue Wi11am B, Ranxrne Station 
Hypravric Srarions (3-A, 3-B, ann 3-C) Tue ScHorLtKorr STATION 
Ecuotra SuB-sTATION Tue Joun Lyert Harper Svups-station 
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CHAPTER XX 


CONTINUITY ESSENTIAL 


N formulating plans for the production, sale and delivery of electricity for 

use as light and power, essentially dependent upon uninterrupted and 
undiminished supply, it was appreciated that the necessity of continuous 
service through a series of simultaneous or consecutive operations requires an 
absolute co-ordination of all parts of the series, and of none more assuredly 
than the first part, the uninterrupted supply of the raw material, flowing 
water. 

In the various electrochemical and electro-metallurgical processes ‘that 
have been developed at Niagara, continuity of heat in nearly all cases, is ab- 
solutely essential to successful operations of furnaces and other applications 
of electric heat to assembled materials, prepared for treatment by fusion. 

The vast watershed of the Great Lakes would afford ample insurance 
against failure of the supply through drought; but after investigation it was 
realized that a more serious danger would be encountered in the accumulation 
of ice at the inlet to the hydraulic machinery. It was therefore considered of 
the first importance, in a region noted for its low temperatures and ice gorges, 
to anticipate such conditions by preparations that would divert the flow of 
sheet ice and prevent the entrance or formation of frazil and anchor ice at or 
near the water-inlet. 

An examination of the experiences at Niagara Falls, in Switzerland and 
elsewhere in avoiding or dealing with river ice in its effect upon hydraulic 
uses, indicated that the question was of serious import and the solution of the 
problem involved in the use of large units of power was essential to continuity 
of power production and transmission. 


ICE PROBLEMS INCREASE 
WITH INCREASE OF POWER PRODUCED 


It is clear that the early users of Niagara water-power on a small scale were 
not brought face to face with the ice problem as it confronts the hydro-electric 
engineer of today. The circular addressed to capitalists and manufacturers by 
Augustus Porter in 1847 describes a large raceway to serve as a navigable 
canal, commencing at a point on the shore of the river where the water is deep 
and navigable, above the Great Falls, of sufficient capacity to afford water- 
power for at least siwty run’ of millstone. The assurance was given that the 

1See Appendix H, Volume II. 
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Niagara River, at the point where the raceway or canal is supplied, now known 
as Port Day, would be entirely free from obstruction by ice. 

Considering that “sixty run of millstone,” as operated seventy-five years 
ago, is estimated to have required 2000 horse-power, it may well have been 
that its equivalent of 500 cubic feet per second would have had little influence 
as a draft upon the rapidly moving stream of deep water from which the race- 
way drew its water supply, and that such supply would have been compara- 
tively free from the floating ice that was rushing towards the Great Falls. 
The raceway to the miller at Niagara probably had, at that period, a quiet 
surface on which a protecting sheet of surface ice would have formed. This 
would have diverted the passing ice floes as a barrier and allowed the water to 
flow to its use “entirely free from obstruction by ice.” 

The same optimism appears in the prospectus of the Niagara Falls Hy- 
draulic Company, issued in 1853, which states that “the anchor ice, which in 
winter chokes the ‘race’ so as to impede the machinery for weeks, can never 
form in the proposed canal,” and quotes the report of its engineers as follows: 

The ice in this vicinity rarely forms during a winter over from eight inches to one foot 
in thickness ; a full and uniform supply of water for the canal may therefore at all times 
be relied upon with certainty. 

The prospectus of the Niagara River Hydraulic Tunnel, Power and Sewer 
Company, entitled Water Power at Niagara Falls, editions of 1886 and 
1888, makes no reference to river ice, and uses the phrase, “nothing to inter- 
rupt the steady flow.” Thomas Evershed, division engineer of New York 
State Canals, states in his report upon this project in considering machinery, 
“that if any stoppage occurred it would not be the fault of the ever-ready 


river.” 
ICE FLOES 


When, however, the intake of the two power-houses of The N lagara Falls 
Power Company was called upon to provide in mid-winter the water necessary 
to operate at full load its water-wheels of 100,000 horse-power capacity, the 
flow of water through the turbines was at the rate of 9000 cubic feet per second, 
the velocity of water when entering the intake was about 4 feet per second, 
and the surface of the water at the inland end of the inlet-canal, when entirely 
free of ice, was about 0.5 foot lower than at the entrance. The suction, or draw- 
ing power, of this current at the entrance to the inlet-canal was sufficient to 
divert floating ice from its natural course down the river, thus causing masses 
of ice to accumulate and partially shut off, or dam, the entrance of the inlet, 
thereby creating a substantial difference in level between the water surfaces in 
the river and in the canal. This condition produced enormous pressure on the 
ice masses at the entrance to the inlet-canal, which was greatly increased at 
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times by the strong winds that blow down the river and across from the 
Canadian side. Hence it is readily understood how it became necessary to 
provide defensive works of wide extent and great strength, at large expense 
to establish, and of no small annual expenditure to maintain, to prevent the 
ice masses from being forced, by southwesterly gales and drawn by the wheel- 
pit current, into the inlet-canal, filling the same and shutting off the water 
from entering the turbines. 

Southwesterly gales bring out of Lake Erie vast quantities of ice, that 
often covers the entire surface of the river above Goat Island. Under the 
influence of the prevailing southwesterly winds, most of the ice takes the 
channel on the American side of Grand Island and passes the power com- 
pany’s land in an ice stream varying in width up to several hundred feet. The 
ice sweeps along the 2 miles of river frontage, owned by The Niagara Falls 
Power Company, with almost irresistible force, often changing its point of 
attack as the winds and currents vary, and always an impending danger to the 
industries dependent upon a continuous supply of water as the primary source 
of their mechanical power. 

Northerly and easterly winds send the ice stream towards the Canadian 
shore, and are accompanied by low stages of the river, as the wind pressure 
drives the lake water from its outlet in the Niagara River at Buffalo. 


ICE GORGES 


The effect of wind and ice upon the flow of water in the river is illustrated 
by the’ conditions that prevailed on the 31st of March, 1848, as described by 
Peter A. Porter in his publication entitled Goat Island, 1900, as follows: 


For that day only, persons walked in the bed of the rocky channel of the American 
rapids between Goat Island and the mainland and from Goat Island out in the bed of the 
main channel towards Canada. But the river was not ice bound; its flow was diminished, 
not entirely cut off, its supply at Lake Erie having been temporarily blocked. Lake 
Erie was then full of floating ice, crowding to its outlet, the source of the Niagara River. 
During the previous afternoon a strong northeast wind had driven the ice back into the 
lake. During the night the wind veered suddenly and blew a gale from the West. This 
forced the ice floe sharply, in a mass, into the narrow channel or source of the river, 
quickly blocked it up, and the still advancing ice sealed up this source with a temporary 
barrier, pushed some fect into the air. It did not take long for the water north of this 
barrier to drain off, and in the morning, the Niagara River, as men knew it, “‘was not.” 
The American Falls were dry. The Canadian Falls were a mere shadow of their former 
selves, a few threads or streams of water only falling over the edge. People, fearful 
every moment of an onrush of water from upstream, walked in the channels, where, up to 
that time, the foot of man had never trod, and where it has never trod since. 


1See Appendix F, Volume I. 
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The roar of Niagara was reduced to a moan; the spray, and therefore, the rainbows 
disappeared. All day this phenomenon lasted, but by night the sun’s rays and the pres- 
sure of Lake Erie’s waters had made inroads on the icy dam, and during the night the 
barrier was swept away. By the next morning the river again rushed by in its might, 
and its roar once more proclaimed that Niagara had resumed its sway. 


In a more recent winter of severity, when ice was unusually plentiful and 
packed the gorge immediately below the falls, the river flow was impeded. 
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The rushing waters continued to fall over the great natural dam, but they did 
not find the usual outlet toward Lake Ontario and consequently “backed up” 
in the great pool below the falls, and packed with ice the power-house of the 


Ontario Power Company located at the foot of the Canadian bluff near the 
falls. 
ICE TERMINOLOGY 

The terminology of ice formations has not been clearly defined. Some con- 
fusion has arisen from the literature upon the subject, wherein, for instance, 
the terms anchor ice and frazil ice have been used synonymously. A well- 
known scientist is reported to have explained regarding frazil that it was sup- 
posed to be the product of currents of water passing over and disintegrating 
solid anchor ice, exposing its “bones,” just as a rock is worn into irregular 
forms by the removal of its softer parts. Such opinions as these, however, are 
now giving way under the critical observations that have been made of recent 
years, and the true origin of anchor and frazil ice is now better understood. 

The various forms of ice known to be dangerous to hydraulic installations 
have been described as follows: 

Surface, or sheet, ice forms over the surface of quiet lakes or rivers, and is desirable 

or not, depending on the conditions. 


Anchor ice, or ground ice, is the most interesting from the fact that it grows along 
the bed of a river not protected by surface ice and often causes considerable incon- 
venience when it rises in great masses, carrying up with it boulders and stones of 
considerable size. Anchor ice is formed, in the first instance, by radiation of heat 
during a cold clear night, but increases to great depths by entangling and freezing 
large quantities of the frazil ice carried down by the shifting currents. 


Dr. Howard T. Barnes. 


Spicular or frazil ice as it is called in Canada, is formed in the water where surface 
agitation in turbulent rivers in winter lowers the temperature but prevents the for- 
mation of surface ice. It is a “dust of ice” which permeates the water and does not 
for the moment interfere with its flowing, but whenever this comes in contact with 
the metal of the water-wheels, no matter what may be the rapidity of the current, 
there is a rapid and almost instantaneous accumulation in the wheel that entirely 
fills it and stops the action. 


Dr. Coleman Sellers. 
DEFENSIVE MEASURES 


The study of local conditions at Niagara in 1888 showed that the proposed 
plan for a long tunnel and short forebays and turbine inlets would concen- 
trate ice troubles in the latter comparatively small fields, where, it was claimed, 
they should be easily observed and overcome. 
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Clemens Herschel, the member of the board of engineers of The Niagara 
Falls Power Company most familiar with hydraulic problems, advised the 
company of his experiences and recommended details of construction he then 
considered most likely to protect its interests, from the damage that would 
result from a stoppage of operations by ice. In the original plans for the plant 
of The Niagara Falls Power Company an ice-run or shaft was considered to 
take ice from the inlet-canal near its upstream end. This was not built until 
after the first winter of operation, 1895-1896, during which the velocity of the 
water in the canal was inconsiderable, as only two turbine units of 5000 horse- 
power each were in use. The experience at that period showed that greater 
precautions against ice interference should be taken before additional power 
units were started in winter operation. 

Mr. Herschel pointed out, in later consideration of this sub ject, the possi- 
bility of using heat, from steam or electricity, in the inlet racks, to prevent the 
adherence of anchor ice. Rack bars of tubes for the admission of steam, he 
stated, had been tried, but without success, and no economical heating method 
had yet been devised. He recommended the use of a series of wicket gates in 
the inlet racks, which could be reversed to clear their bars from ice and which 
could be left open in emergencies. 

Mr. Herschel then stated: 

The situation will probably be much improved by the construction of the Canadian 
plant. It is unlikely that either anchor ice or shell ice will act simultaneously to an equal 
degree to the detriment of the operation of the works on both sides of the river. With the 
precautionary works above recommended in use on both sides of the river, and the two 
power-plants connected electrically, it should be possible to keep at least a large part 
of the power of both plants in operation at any and at all times. 

In the first winter of operation, the inlet to each of the two turbines was 
guarded by a grille of vertical steel bars set in the plane of the canal wall at 
the inlet entrance. On the first cold night after the temperature of the water 
had been lowered to the freezing point, frazil built up on the submerged steel 
bars of these gratings and in a short time formed water-tight barriers that 
shut off the water from the turbines and closed down the plant. 

The quick remedy was to remove the steel gratings and the plant was op- 
erated without them through the remainder of the ice season. Later a con- 
tinuous rack of steel bars was constructed in the canal parallel with the wheel- 
pit. The foot of the rack was placed 12 feet and the top 5 feet from the canal 
wall. The slope thus given made it easier to remove drift material from the 
rack, With this construction the rack area was not limited to the cross-sectional 
area of the turbine inlets. The cross-section of the stream flowing through the 
grating being enlarged, the velocity was less and the removal of floating 
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material was thereby further facilitated. The continuous rack was made with 
submerged sections removable, and experience established the continuing ne- 
cessity of removing the gratings during the winter season. Without percepti- 
ble effect on output or equipment the turbines will pass large quantities of 
slush and solid ice blocks of considerable size, which if obstructed by gratings 
would form an ice dam shutting off water from the inlets. 

During the first three winters, with not over three units of 5000 horse-power 
each in operation and very low velocity in the canal, the ice problem was satis- 
factorily solved by removing sections of the rack during periods when frazil 
appeared in quantities. The velocity of water in the canal was not sufficient 
to prevent the formation of solid ice and in cold weather the surface was 
covered with a sheet joining the ice field extending out into the river. This 
barrier of solid ice was a protection against all forms of ice floating down the 
river. The water passages under it at all stages of the river had ample capacity 
to supply without appreciable loss of head the requirements of the first three 


units. 3 e 
ICE VERSUS QUANTITY POWER PRODUCTION 


In the winter of 1898-1899, eight power units, 40,000 horse-power capacity, 
were in operation, and the water drawn more than doubled, but the velocity in 
the canal was still low enough to permit surface ice to form, and sections of 
the rack were taken out as usual. Here again, as from the inception of the 
central station project, the directors of the company were impressed with the 
inevitable result of dealing in quantities far beyond any heretofore used in 
such operations—unexpected and novel experiences, impossible to foresee and 
difficult to control. 

The insufficiency of protection from ice floes was, however, impressively 
‘demonstrated in the experiences of that winter. Early in the morning of 
February 8, 1899, the water level in the canal suddenly fell several feet. The 
ice sheet, 18 inches thick, left without support, broke up into great fragments, 
many of which were drawn flatwise across the rack openings, reducing still 
further the diminished supply of water to the turbines. Broken ice and slush 
packed the wheel-cases of the turbines and reduced their output, in some 
instances blocking them entirely. It clogged up the ports through which water 
pressure was transmitted to the so-called balance pistons by means of which 
the weight of the revolving parts of the turbines and generators was supported 
by hydrostatic pressure. Upon removal of this upward pressure the entire 
weight was imposed on the groove and collar thrust bearings, designed to 
carry but a very small fraction of such a load. The thrust bearings of four 
units were burned out almost simultaneously, and these units were out of 
commission for several days to undergo the tedious process of rebabbitting 
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bearings and scraping them to a fit. The dropping of the load restored the 
normal level in the canal, but when the load was resumed further trouble 
developed due to low water and clogging of wheel-cases with ice. Investiga- 
tion of the ice field in the river outside of the canal disclosed the fact that the 
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entire field was underlaid with slush extending to the bottom of the river, and 
that the water passages through this mass were insufficient to supply the de- 
mand of the turbines. Thereupon a channel about 50 feet wide was cut through 
the ice field for a distance of several hundred feet from the boom at the head of 
the inlet. With some difficulty this channel was kept open for the remainder 
of the winter. The ice formed in the inlet, and that contributed by the river 
and by the cutting of the channel, was disposed of by the laborous processes 
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of working the slush and small fragments gradually through the turbines and 
lifting large pieces of solid ice from the canal by means of hand-operated 
derricks mounted on a track running along the platform between the canal 
and the power-house wall. 


Timsper Criss AND Booms Extenpinc DownsTreAM FROM Enp or Dike, AND IN 
Toward THE SHORE BeELow Canat ENTRANCE, SHOWING EFFECTIVENESS 
oF Tuts Construction In Keepine Ice Our or THE CANAL 


DREDGING CHANNEL INTO RIVER BED 


To overcome the obstacles rendering difficult the entrance to the canal, in 
the summer of 1899, the river bed was dredged to make a channel 16 feet deep 
and 250 feet wide extending out into the river for a distance of 400 feet. 
Experience with ice during the ensuing winter, 1899-1900, led to further 
dredging in the summer of 1900. A channel 16 feet deep and 80 feet wide was 
excavated for a distance of 250 feet beyond the end of the channel previously 
constructed, i. e., to a distance of approximately 650 feet from the boom at 
the head of the canal. Furthermore, the construction of a dike running from 
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the lower end of Grass Island to the mainland was undertaken upon the 
theory that ice contributed to the canal by the Grass Island channel would be 
shut off and that keeping open the channel through the ice from the main river 
would be facilitated by increasing the velocity therein. This work was begun 


Removine Ice rrom Canat 1x 1902 


in the late fall and was carried on through the winter under the direction of 
Philip P. Barton, superintendent of the operating department of the com- 
pany, whose resourcefulness was of much value in overcoming the ice difficul- 
ties. Units Numbers 9 and 10 were started in the spring of 1900. 

The winter of 1900-1901 was mild and gave comparatively little ice trouble. 
The chief source of embarrassment was the lack of facilities for handling ice 
in the inlet. 

In the summer of 1901, the 16-foot channel, dredged in the preceding sum- 
mer, was widened to 250 feet, completing a channel 250 feet wide extending 
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into the river for a distance of nearly 700 feet from the boom at the head of 
the canal. The dike was completed to Grass Island, and as its construction 
offered a cheap and convenient means of disposing of rock from Wheel-pit 
Number Two, then being excavated, the dike was extended out into the river 
for a distance of approximately 600 feet beyond Grass Island, but curving 
downstream at its outer end. 


PIERS AND BOOMS 


The winter of 1901-1902 brought prolonged cold weather and many heavy 
snowstorms. Almost continuously during February there were interruptions 
of service and reductions of load due to ice. Six units were put out of com- 
mission in this period by damaged thrust bearings, several of which were cut 
repeatedly. ‘'wo steam cranes were employed to hoist ice from the canal and 
by the end of February ice was piled high along railroad tracks in the vicinity 
of the power-house. 

FIGHTING ICE IN CANAL IN 1902 

Much of this serious ice trouble was attributed to the extension of the 
Grass Island dike, which determined the limit of the field of surface ice in 
the river. his extension was accordingly removed the following summer. 
The boom at the head of the canal, a solid timber structure about 5 feet wide 
that rested sidewards against the upstream sides of four structural steel piers, 
having capsized owing to the increased velocity of water in the canal, was 
taken away. In lieu thereof the construction of a much longer boom supported 
by cribwork piers extending downstream from Grass Island was undertaken, 
but was not completed until March, 1903. To diminish velocities under this 
boom the dredged channel was widened at its outer end to the full length of 
the new boom. 


ICE-RUNS INTO MAIN TUNNEL . 


The completion of the tunnel extension into Wheel-pit Number Two made 
available two sluiceways, or ice-runs, that had been built during the construc- 
tion of the tunnel extension by means of which ice could be discharged directly 
from the canal into the tunnel; one at the north end of the canal, the other 
about the middle of the east side of the canal at the north end of Power-house 
Number Two. This power-house was put into operation with the starting of 
Units Numbers 11, 12 and 13 in 1902, followed by Units Numbers 14 and 15 
in January and February, 1903. In the design of the intake of Power-house 
Number Two improvements suggested by experience with Power-house 
Number One had been introduced. The intake racks were inclosed within 
the power-house structure, water being admitted to them through submerged 
arches in the outer wall. The covered forebay was traversed by a small electric 
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crane used for removing sections of rack specially designed to facilitate 
this operation. These features of the construction of Power-house Number 
Two and its location relative to that of Power-house Number One have 
freed it from many of the ice onslaughts to which Power-house Number One 
has been subjected, and the adoption in the new plant of improved thrust 


Dynamitine CHannet TurovcnH Icr Fietp to Canat Entrance, 1903 


bearings capable of sustaining the entire weight of the revolving parts of the 
generating units eliminated the thrust-bearing troubles encountered in 
Power-house Number One. 

To offset the good effect of these improvements came the increased use of 
water and higher velocities due to the operation of the new units and the in- 
creased output of the plant. Moreover, until March the protection against 
river ice was impaired by the non-completion of the outer boom. 
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Much had been expected of the sluiceways, but the first heavy run of slush 
demonstrated that the surface current towards them, even with the sluice 
gates wide open, was not appreciable a few feet away. Ice could seemingly 
not be induced to enter the sluiceways. After a number of unsuccessful ex- 
pedients were tried, a tug was pressed into service. It was observed that when 
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a stern line from the tug was made fast to a snubbing post while the propeller 
was driven at a moderate speed ahead, a powerful surface current was created 
that was most effective in driving ice into the sluiceway. Furthermore, the 
tug readily pushed through and broke up great masses of ice. With this 
assistance a canal full of ice could be disposed of in a very short time. So suc- 
cessful was this expedient that two steam-driven tugs became a permanent 
part of the equipment. In 1904, one of them was replaced by an electrically 
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driven tug supplied with motive power through a double trolley circuit sus- 
pended longitudinally over the canal. 


ICE CONTEST CONTINUED 


The winter of 1903-1904 was a very severe one. Thrust bearings on all ex- 
cept two of the generating units in Power-house Number One were damaged, 
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some of them repeatedly. On the other hand, the minimum load at times of 
reduction was much larger than in any preceding winter, and with the excep- 
tion of one brief reduction the long-distance load was not affected by ice, al- 
though this load was far greater than ever before. The report of the operating 
superintendent for that period states: 


154 


ICE, ITS POWER, DANGER, AND CONTROL 


Consideration of the winter’s experience confirms my belief that the ice problem has 
been practically solved for the load conditions of two years ago, on the basis of which 
recommendations were made for improvements, in protection against ice, that now exist. 
As was anticipated, new load conditions have developed further difficulties, which de- 
mand the construction of additional safeguards, and obviously the same process must 
continue until the output of the plant has reached its limit. 


During the summer of 1904, a channel 30 feet wide was dredged from the 
canal entrance out into the river to a point approximately 800 feet beyond 
the new boom and two barrier cribs were placed. Five cribs which had been 
overturned during the previous winter by the shove of ice floes, were replaced 
by new ones of larger size and improved construction. 

Although the ensuing winter, 1904-1905, was by no means abnormally 
mild, there were few interruptions of service and almost no damage to thrust 
bearings. This was attributed mainly to the dredging done in the preceding 
fall. It was easy to open and maintain in the dredged channel a passage 
through the ice field, and water flowing through this cut in the river bed main- 
tained throughout the winter favorable water level conditions in the canal. 


DREDGING, BOOMS AND VIGILANCE SUCCEED 


In the spring of 1905, the dredging was completed by extending the 16-foot 
channel to a distance of more than 1000 feet from the outer boom and making 
it 100 feet wide. Three additional barrier cribs were placed above this channel. 

The ice history of subsequent winters has varied in detail with the weather 
conditions, but a typical experience may be described as follows: The first 
run of ice down the river arrives usually between December 15th and Janu- 
ary Ist. Much of it passes under the outer boom into the canal, where the 
tugs usually are able to dispose of it through the sluiceways without serious 
difficulty. An ice barrier builds up gradually at the outer boom until it reaches 
a width of 1000 to 1500 feet out to the open water of the river. As soon as the 
ice becomes stiff enough to support workmen, a channel is cut through it for 
a distance of several hundred feet. At the first evidence of low water in the 
canal, dynamite is used to break off the outer edge of the ice field and the 
channel through the ice field is enlarged. This procedure is maintained until 
the end of February. During March and April, the ice field breaks up, but 
is held against the boom by the draft of water into the canal and is maintained 
or renewed by continual accretions of lake ice floating down the river. On one 
or two occasions sections of the boom have broken and allowed the canal to 
fill with broken ice, which had to be disposed of through the sluiceways. As 
this has occurred in the spring in comparatively warm weather, the ice was 
easily handled and caused only temporary inconvenience for a few hours. 
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The replacing of the original ten turbines in Power-house Number One 
with units equipped with improved thrust bearings, designed to carry the 
entire weight of the revolving parts, was begun in 1909 and completed in 
1912. This eliminated the vexatious thrust-bearing troubles so prevalent in 
earlier winters. Both power-houses now withstand ice attacks with no greater 
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inconvenience than a partial reduction of load for a few hours while the canal 
is being cleared of ice through the sluiceways, of which three are now available. 
The interconnections, by transmission lines, between the two American plants 
and the Canadian plant have been of great assistance in maintaining uninter- 
rupted continuity of electric service to public utilities and to customers whose 
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processes would be seriously dislocated or whose plants would be damaged by 
even temporary failure of power service. 

The results of the expedients and improvements described in the foregoing 
paragraphs may be indicated by the record of the winter of 1917-1918, a winter 
displaying more than the average quota of cold and stormy weather, and more 
than the usual quantity of ice in its varied forms. The average output of the 
plant for the four winter months was over ninety-five per cent of the possible 
output at maximum rated capacity. The reduced output due to all causes, 
including maintenance of equipment, non-use by customers, customers’ load 
factor, etc., and ice, was less than five per cent. The loss due to ice alone was 
reduced to an almost negligible quantity. | 

The winter months of early operation were periods of great anxiety to the 
operating officials and their staff, until experience had shown what would 
greatly modify if not entirely prevent ice clogging of the wheels. 

The defensive measures taken were expensive and unexpected but they 
were valuable as experience and permanently useful, such as dredged chan- 
nels, established ice booms in the river, ice-rims from inlet to tunnel, and 
thrust-bearings that would carry the full weight of the turbo-electric machines 
in case of need. 

Conditions were still further improved in 1918 by the intake channel 20 feet 
deep and 200 feet wide dredged by the Hydraulic Power Company from Port 
Day upstream to a point several hundred feet above the dredged channel of 
The Niagara Falls Power Company, and by the long boom constructed by 
that company for the purpose of diverting ice from the American shore to the 
Canadian channel. Commencing at the intersection of this channel with the 
ice line, a series of piers consisting of steel sheetpile cylinders filled with con- 
crete were built running upstream in the general direction of the ice line, but 
gradually working in toward the shore. Floating booms of truss frames were 
placed from pier to pier. About half way between this row of piers and the 
shore, another row was placed, extending in the same direction and supporting 
floating booms in the same manner as the outer row. In operation, these booms 
have kept out the ice floating down the river and what small amounts actually 
formed inside the booms have been broken up from time to time in small 
quantities by the company’s ice-breaking tugs and allowed to flow down to 
the canal where it was disposed of through the spillway gates. As a result of 
improvements at the American plant prior to 1917, the reductions of load at 
Power-houses Numbers One and Two by reason of ice have not been frequent 


or of importance. 
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CANADIAN PLANT 
The experience of the Canadian Niagara Power Company with ice may be 
described briefly as follows: 
The location of the Canadian plant at a point towards which the river 
current sets strongly resulted in a rather serious ice problem. The construc- 
tion of intake racks in a covered forebay, to which water is admitted through 
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submerged arches, is similar to that of Power-house Number Two of the 
American plant. Sluiceways were provided at the downstream end of the 
covered forebay and at the downstream end of the outer forebay, discharging 
into a channel leading back to the river at a point below the main intake. The 
head of the intake was guarded by a screen of steel bars mounted on stone 
piers. The screen was submerged to a depth of 4 or 5 feet below normal water 
level, but proved to be quite ineffective in excluding from the forebay either 
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solid ice or slush. Ice entered beneath it in quantities that could not be dis- 
charged through the sluiceways with the help of a powerful electrically driven 
tug installed in the outer forebay. Repeatedly in each winter wheel-cases and 
penstocks became clogged with ice and serious reductions in load had to be 
made for periods of many hours. As additional units were put into service, 
the necessity of remedying these conditions became more and more pressing, 
and in 1916, a radical reconstruction of the intake was undertaken. This work 
contemplated 


1. Relocating and enlarging the sluiceway in the outer forebay; 


2. Increasing the depth of the outer intake from 12 feet to approxi- 
mately 20 feet; 


3. Constructing an improved ice shield outside of the original ice 
rack, at a point where the river current would be more helpful 
in sweeping ice past the intake. This ice shield consists of a 
series of concrete piers with grooves for stop-logs to close the 
upper portions of the openings between piers, permitting water 
to be drawn from the bottom of the river, where it is compara- 
tively free from ice. 


All of these improvements were completed in 1918, and the reductions of 
load on account of ice at the Canadian plant became of comparatively in- 
significant importance until the severe winter of 1919-1920, when it became 
evident that the ice problem of the Canadian Niagara plant had not been fully 
solved. The submerged weir remained in an experimental stage. Although 
cribs and diverting booms have been established to deflect the current ice, yet 
when the wind blows towards the Canadian shore the ice from the large Cana- 
dian owned power-plants above the location of the Canadian Niagara Power 
Company (American) is thrust against its inlets, its forebay becomes filled | 
and its waters clogged with ice, that in severe weather interferes frequently, 
although temporarily, with the operation of this plant. 


CONSOLIDATION OF AMERICAN COMPANIES IN 1918 


John L. Harper’ stated that “at the present time (1921) no changes are 
contemplated in regard to this Canadian intake for the reason that any ade- 
quate ice disposal system would require such an expenditure of money that 
the ordinary diminutions of power can be accepted with less loss than would 
be imposed upon the system in carrying continuously (paying the interest 
upon) the expense of an adequate ice disposal system for this plant.” 


1 Vice-president and Chief Engineer of The Niagara Falls Power Company, mcmxvim. 
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The consolidation of the American power companies in 1918 permitted a 
systematic co-operation for ice defense that has proved advantageous to the 
united plants. 

Although the winter of 1919-1920 was one of the most severe ever experl- 
enced in that section of the country, Mr. Harper reported that the completed 
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system of cribs and booms operated so successfully that no diminution of the 
development of power was caused by ice obstruction on the American side. 


HEAT APPLICATIONS PREVENT FRAZIL 


The literature upon the subject of the formation of ice as an interference 
with the operations of hydraulic plants was meager in 1886 and 1889 when 
this subject was under investigation. Personal experiences with water-wheels 
or turbines of comparatively small power, in northern climates, in this country 
and abroad, were the principal sources of information for guidance in the 
plans for Niagara. 
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It was not until 1906 that comprehensive and scientific work upon this 
subject appeared. This was entitled Ice Formation, by Howard T. Barnes, 
and is generally recognized as authoritative upon the subject. The scientific 
principles established by the researches recorded in this volume stimulated 
observation and experimentation by hydraulic engineers and operating man- 
agers, who informed their associates and the public of their experiences, by 
reports and addresses, so that by 1920 there was a fund of knowledge that 


Murruy ExprermMent In Formation oF FRazin 


has led to methods which, Dr. Barnes anticipated, “will so temper the effects 
of ice in our northern rivers as to render them no longer a bar to the full devel- 
opment and utilization of our vast water-powers,” and he hoped “that it will 
be no longer necessary for water-power users to view with alarm the advent 
of cold weather with its consequent production of frazil.” 

The simple but effective remedies for the difficulties caused by frazil and 
anchor ice at hydraulic plants, suggested and demonstrated, 1908-1920, by 
John Murphy, of Ottawa, Canada, have been helpful to many students of this 
subject, especially to the operating managers of these Niagara power com- 
panies. He states that by the simple opening of a steam valve and the appli- 
cation of sufficient heat to the wheel-case to raise its temperature a small frac- 
tion of a degree above freezing point, a set of water-wheels can be cleared of 


1 Rlectrical Engineer, Department of Railways and Canals, Railway Commissioner of Canada, and 
Consulting Engineer, Ottawa. 
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frazil in a few minutes, and by the earlier application of a little heat to the 
wheel-case frazil will not accumulate in it at all, and the plant can be kept 
in uninterrupted operation. 

In his paper entitled Frazil and Anchor Ice, read at Montreal in Sep- 
tember, 1907, at the annual convention of the Canadian Electrical Associa- 
tion, Mr. Murphy stated that “no hydraulic plant need now be tied up by 


Nracara Fauus in THE WiyTer or 1919-1920 


frazil if the simple remedy of applying a moderate amount of heat to the vul- 
nerable parts of the equipment be resorted to.” | 

The most vulnerable points on hydraulic power-plants, Mr. Murphy states, 
are where the usual effect of frazil is to block up the racks, tie up the gate 
mechanism and reduce the output of the water-wheels or shut them down 
altogether. 

While the application of a small quantity of heat to the metals composing 
the vitalizing mechanisms from the racks to the water-wheels is a simple and 
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economical process, as herein explained, for avoiding difficulties from frazil 
ice, there is also the broader problem, requiring in its solution large expendi- 
tures of money, for permanent establishments of channels, cribs, booms and 
their maintenance, to divert the currents carrying the floating ice and to pre- 
vent any hindrance to the flow of water in the channels leading to the canal, 
forebay and inlets of the power-plant. 

At the time that the first central power station was built at Niagara, the 
natural formation of ice was understood mainly in its simpler forms. No such 
quantities of water had been diverted and utilized before, nor developed in 
such large units of power and in such small areas. 

Quantity production of power by hydraulic methods for the first time re- 
vealed ice as an arch-enemy in new forms not then fully understood. 

Novel appliances and new arts were necessary to control and measure this 
great power. This was one of the serious problems of the pioneers in central 
station hydraulic power production in northern climates on a large scale for 
long-distance transmission and distribution of electricity as light and power. 

Solutions were developed from experience in the new plants at Niagara 
and by other workers following in hydraulic operations under somewhat 
simpler conditions of temperature and use, so that, as Dr. Barnes hoped in 
1906, it may now indeed be asserted that it is “no longer necessary for water- 
power users to view with alarm the advent of cold weather with its consequent 
production of frazil.” 
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WRITTEN AFTER VISITING THE WORKS OF 
THE NIAGARA FALLS POWER COMPANY 
IN 1907 BY 


ROYAL CORTISSOZ 


Member of the American Academy 


of Arts and Letters 
Art Critic and Author 
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BeEInG utterly ignorant of these things, I won't commit 


the impertinence of pretending to appreciate the genius 


embodied in those colossal fabrics. All I can tell you 


is that they made me feel as though I was looking on 


while some unthinkable Olym pian went gloriously mad, 


in a kind of divine frenzy, and expressed himself in 


terms raising the art of the Egyptian temples to a 


higher power, giving to things of overwhelming bulk 


an immeasurable life and purpose, and somehow put- 


ting over them a glamour of the subtlest delicacy and 


charm. It was like a fairyland created for the pranks 


of the high gods. It was like a force of Nature tamed 


and held by a silken thread. I won?t say tt was like 


the most wonderful thing in the world. It is itself the 


most wonderful thing in the world. 


THE ART OF ELECTRIC POWER DEVELOPMENT 
AND TRANSMISSION, 1890-1893 
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CuHarpTER XXI 


Sir C, Wirii1am Siemens, E285; 9DsC.hist tine 


1823-1883 
Encuiso EnGInerr anp INVENTOR 


THE ART OF ELECTRIC POWER DEVELOPMENT 
AND TRANSMISSION, 1890-1893 


CHAPTER XXI 
PREDICTIONS IN THE SEVENTIES 


T is difficult in these days to appreciate adequately the progress in the use of 
electricity for light and power during the past forty or fifty years. This 
progress is hard to comprehend whether the changes in apparatus and physical 
development be considered, or the quantity used, or the service rendered in 
doing the work of the world and ameliorating the conditions of daily life. 

The influence of the falls of Niagara upon the minds of scientists, particu- 
larly those of practical as well as theoretical achievement, stimulated inven- 
tions for the utilization of the colossal mechanical power available for the 
development of a source of wealth to the nation. This may be better appreci- 
ated by several illustrations of such inspiration of scientific observers from 
the banks of the great cataract. 

Sir William Siemens, of London, visited Niagara in 1876. His active life 
was replete with economic discoveries and their application. In March, 1877, 
in describing the transmission of water-power, he used the following statement 
in his presidential address before the Iron and Steel Institute of Great Britain: 

Time will probably reveal to us effectual means of carrying power to great distances, 
but I cannot refrain from alluding to one which is, in my opinion, worthy of considera- 
tion, namely the electrical conductor. Suppose water-power be employed to give motion 
to a dynamo-electrical machine, a very powerful electrical current will be the result 
which may be carried to a great distance through a large metallic conductor, and then 
be made to impart motion to electro-magnetic engines, to ignite the carbon points of 
electric lamps, or to effect the separation of metals from their combinations. A copper 
rod 3 inches in diameter would be capable of transmitting 1000 horse-power, a dis- 


tance of, say, 30 miles, an amount sufficient to supply one quarter of a million candle- 
power, which would suffice to illuminate a moderately sized town. 


It is recorded’ that ‘this statement startled the audience considerably; and 
it is still remembered that, when it was delivered a smile of incredulity was 
observed to play over the features of many of his hearers.” 

When giving evidence before an English parliamentary committee in 1879, 
two years after the startling prediction of Sir William Siemens, Sir William 
Thomson (afterward Lord Kelvin) stated that the electrical transmission of 
power was then attracting the attention of electrical engineers, as it had been 
accomplished in Europe in a small way. He said that he looked forward 
to the extensive use of Niagara Falls for the production of light and 
mechanical power over a large area of North America, and that a copper wire 


1 Life of Sir William Siemens, by William Pole. 
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half an inch in diameter would transmit 21,000 horse-power from Niagara to 
Montreal, Boston, New York and Philadelphia. 

Lord Kelvin’ often mentioned to his friends and associates in the Ni- 
agara Falls power project that his swim in early life from the dock of the 
Niagara River, immediately below the Great Falls, had baptized him in 
preparation for his co-operation in the effort to “harness Niagara.” 


ELECTRICAL SYSTEMS IN USE IN 1890 


The state of the art of electric power development in 1890 is of especial 
interest in the history of The Niagara Falls Power Company as this was the 
period when the problem of determining whether any method of power trans- 
mission was adequate and then of choosing between electrical and non-elec- 
trical methods as to which was of outstanding promise. The general status 
of power transmission at that period is presented in the preliminary reports of 
Dr. Sellers and others in the fall of 1889, which appear in Volume One, 
Chapter VITI. 

Of the projects presented at that time by the leading engineering talent of 
the world to the International Niagara Commission, part proposed electrical 
transmission and part proposed pneumatic or hydraulic or mechanical methods. 
Klectricity had not yet demonstrated its capability to do things on a large 
scale. 'The rate of growth in the output of electric power stations has been 
about one hundred per cent in five years, and counting back at this rate the 
electrical power in this country in 1890 was only one per cent of what it is 
today. To have predicted the future would have been more difficult then than 
it is today to foretell the conditions a generation hence, if a hundred times our 
present output is brought into service. In fact, the early prediction would have 
been far more difficult as it was then uncertain whether machines of large size 
could be safely used. Now it is taken for granted that we can physically do 
whatever is commercially desired. 

The principal electrical “systems” in common use in 1890 which will be ex- 
plained in some detail were for are lighting, for incandescent lighting by 
direct current, for incandescent lighting by alternating current and for street 
railways and other power purposes. 


ARC LIGHTING 


Arc lamps, used for street highting and for large interiors were connected 
in series and the current passing successively through the lamps was of the 
same strength in all parts of the circuit. As each lamp added to the voltage 
of the circuit the number of lamps supplied by an are lighting machine was 

* See portrait of Lord Kelvin, Chapter XXVII. 
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limited by the permissible voltage and usually did not exceed 50 or 60 lamps. 
A city requiring one or two thousand lamps required more than a score of arc 
machines, driven individually from many small steam engines or by belts from 
a main shaft which in turn was driven by a belt from a large engine. Practi- 
cally every city and town had its are lighting plant ranging from many ma- 
chines and circuits to a single small machine supplying a few lamps. Direct 
current was used; there were many different styles of machines and lamps. 
This lighting had been in use for ten years or more. 
DIRECT-CURRENT INCANDESCENT LIGHTING 

The earliest incandescent lighting was supplied by isolated plants in hotels 
and office buildings, and the first central station for the general distribution 
and sale of electricity was that of the New York Edison Company, which 
began operation in September, 1882. Incandescent and arc lighting presented 
several marked contrasts. Not only were the newly developed incandescent 
lamps small and suited to general indoor use, but the lamps were connected to 
the circuit in parallel or multiple instead of the series connection employed in 
are lighting. Hence the pressure or voltage between the wires was maintained 
constant and an increase in the number of lamps was accompanied by an in- 
crease in the current, while the are lighting circuit required an increase in 
voltage as lamps were added. The low voltage adapted for incandescent light- 
ing was safe for indoor use and the number of lamps on a circuit could be in- 
definitely increased provided the size of the conductors was made adequate for 
carrying the greater current. 

The introduction of the incandescent lamp and the constant voltage system 
was followed by the commercial introduction of central stations for supply- 
ing current in the cities and principal towns of this country and Europe. But 
the system had a serious limitation in the short distance to which current could 
be economically transmitted. The large current required for many lamps 
required large copper conductors and as both the size and length must be in- 
creased when the distance is great it was found that the limit fixed by cost of 
conductors was a few thousand feet, or about half to three-quarters of a mile, 
although the are lighting circuits with their small current and high voltage 
could be operated over a distance of several miles. No satisfactory method was 
found, however, for commercially supplying incandescent lamps except within 
a short radius. The outlying districts of cities with a central plant were with- 
out incandescent lighting service. 


ALTERNATING-CURRENT INCANDESCENT LIGHTING 


The demand for long-distance incandescent lighting was met by the alterna- 
ting current. A small current at high voltage was carried by a small wire and 
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then changed by a simple and efficient “transformer” to a large current at the 
low voltage suited for incandescent lamps. The first alternating current cen- 
tral station in this country began operation in November, 1886, in Buffalo. 
The primary voltage was 1000 volts which enabled service to be supplied at 
any point within a distance of a few miles. Stations of this kind were installed 


First Rorary Converter to Supreiy Direcr CurRRENT For STREET Rattway 
OrErATIon, 1895, LocarEep 1n PowEr-Houst NuMBER ONE 


in many places, resulting in a violent commercial competition to which refer- 
ence has been made. Greater distances became practicable with the introduc- 
tion of 2000 volts and in 1890, 4000 volts enabled Portland, Oregon, to be 
lighted from Willamette Falls, some twelve miles distant. 

It appears that the commercial antagonism encountered in introducing the 
alternating current in America was but a counterpart of the criticism which 
had occurred in its earlier introduction abroad. In November, 1887, Prof. 
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George Forbes made the following statement at a meeting of the American 
Institute of Electrical Engineers: 

The greatest step, it seems, which has been taken in the distribution of electricity since 
the period when electric lighting took such a start in 1878 was the use of alternating 
currents with induction apparatus, which was simply achieved by the most indefatigable 
industry and plucky perseverance against the opinions of everybody who seemed to be 
capable of giving an opinion. I have never omitted, on any occasion when I had to speak 
about the distribution of electricity, to express the profound admiration I have had for 
the energy and pluck which was shown by Messrs. Gaulard and Gibbs in working out that 
system upon which so much ridicule was cast during the whole time they were making 
their experiments. 


STREET RAILWAYS 

Electric railways had recently passed from the period of the short experi- 
mental line with a few cars to the beginning of important systems in larger 
towns and cities. The 500-volt direct-current trolley then used has persisted 
with little change in the fundamental elements of its motor and transmission. 
This voltage permitted the operation of cars for several miles from the power 
station. 

STATUS OF THE ELECTRIC MOTOR 

Electric power for motors (other than railway) could not with full satis- 
faction be supplied in a comprehensive way by any of the ‘foregoing electrical 
systems in common use in 1890. 

The constant current system, such as was used for are lighting could 
operate motors but as the motor was connected in a high voltage line it was 
difficult to insulate it and to make it safe for the attendant. Furthermore, 
auxiliary control devices were necessary to prevent wide speed variation when 
the load was changed. This method was employed on a small scale in various 
transmissions of power by Deprez in France and by others as described in sub- 
sequent chapters. Generators and large motors however could be constructed 
for several thousand volts, and several generators (and likewise several 
motors) could be operated in series thereby enabling still higher transmission 
voltages to be employed which were suited for longer distances. The use of 
a large motor or several motors driving one shaft in a receiving station with 
skilled attendants obviated the difficulty in the operation of many small 
motors in different places. In such a receiving station the mechanical power 
developed could drive the shaft of a mill or it could operate low voltage gen- 
erators for supplying current for general service. This was the general method 
proposed by Mr. Edison in 1889 for transmitting power from Niagara Falls 
to Buffalo. Power could, by this method, be transmitted very considerable 
distances but it was in general power toa single shaft ina single station. It was 
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not suited for general service for small motors, except through the agency 
of a generator driven by the motor in the receiving station. 

Constant voltage direct-current circuits of 110 or 220 volts for lighting and 
of 500 volts for electric railways were well suited for supplying current for 


| Nixoua TESLA, A.LE.E. 
| Execrrican ENGINrerr 


motor service. In 1890, motors were operated from lighting circuits, for fans, 
printing presses and small manufacturing purposes. But in general the use 
was small and incidental to the lighting; the variation of current to motors at 
starting or due to changing load was apt to cause objectionable variation in 
the intensity of the illumination from the same circuits. Hither 220 (or 250) 
volt generators and circuits could be used for motors for public service or in 
factories; 500 volts was regarded as too high for general supply to small 
motors. These systems were not much used as electric motors were few in 
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1890; and moreover, they were not suited on account of the low voltage for 
operation at distances greater than a few thousand feet or a mile or two. They 
were adapted to local distribution of power, rather than for its long-distance 
transmission. 

Alternating current which made rapid headway for lighting service over 
longer distances was handicapped in the power field for lack of a motor. There 
was no satisfactory small motor. A duplicate of the generator could operate 
as a motor, but it was not self-starting and it required auxiliary devices for 
bringing it up to speed and for supplying exciting current. The synchronous 
motor as it was called was suited only to a limited and special field. 

A new alternating-current motor and a new alternating-current system 
had been announced by Nikola Tesla two years earlier, in 1888. His poly- 
phase system involved two or three currents from the same generator, each 
alternating and in itself corresponding to the ordinary “single-phase current,” 
but the two or three currents followed one another in regular sequence, cor- 
responding to the sequence of the cranks of a two or three-cylinder engine. 
Very much as the multicylinder engine overcomes the dead points of a single- 
crank engine so the multiphase or polyphase system produces a rotation which 
the single-phase system does not. The unique feature of the new system was 
the induction motor, with no commutator (an essential part of the direct- 
current motor) and with almost ideal simplicity of construction and operation. 

But in 1890 the Tesla motor was still a prophecy rather than a completely 
demonstrated reality. The immediate demand was for motors to operate 
from the existing lighting circuits, which were single phase and had a fre- 
quency of about 130 cycles per second. Futile attempts were made to modify 
the motor to meet these conditions. A few installations of induction motors 
of 2 horse-power and of 5 horse-power were operating coal mining ma- 
chines from two-phase generators of low frequency near Pittsburgh, and in 
Europe there was a project for a large Tesla motor and a long-distance trans- 
mission for operation at the Frankfort Exposition the following year. 


ELECTRIC LIGHT AND RAILWAY PLANTS IN 1890 


In 1890 few machines exceeded 100 or 200 horse-power capacity. Some- 
times several or all classes of service were supplied from many generators in 
one power-house but more commonly there were several small stations located 
at different parts of a city and operated by different companies. Some cities 
had as many as a dozen or more electric light plants, each supplying its ad- 
jacent district. A list of the central stations for electric light and railways in 
the United States in the latter part of 1890 was compiled and published and is 


173 


NIAGARA POWER 


summarized in the following paragraphs from the Electrical World, Feb- 
ruary, 1891: 


In a very comprehensive series of maps recently published in book form by the Thom- 
son-Houston Electric Company some very valuable information is given concerning the 
location and character of the central station electric light plants and the electric rail- 
ways of the United States. In the number of electric railways, Massachusetts heads the 
list with 21, while Utah, Delaware and South Dakota are at the foot with one road each. 
Of electric railway systems the following tabular list is given; Thomson-Houston, 103; 
Edison, 83; United Electric Traction, 21; Van Depoele, 8; Rae, 8; Short, 8; Storage, 
4; Westinghouse, 3; Bentley-Knight, 1; Underground storage, 1; total 240. 

In the number of electric light systems New York State heads the list with 189 cen- 
tral station plants while Arizona is at the end of the list with only two central stations. 
The systems in use in all the states are divided as follows: Thomson-Houston, 666; 
Westinghouse, 323; Edison, 202; Brush, 199; Ft. Wayne, 144; American, 67; Western 
Electric, 53; United States, 51; Schuyler, 49; Heisler, 49; Waterhouse, 41; Ball, 31; 
Van Depoele, 31; Excelsior, 25; Sperry, 24; National, 16; Remington, 4; Eickemeyer, 
2; Hawkeye, 2; Standard, 1; Hochhausen, 1; Knowles, 1; Mayo, 1; Keith, 1; total, 1984. 
It is stated in the preface to the book that the data contained in the maps have been 
collected from original sources by a disinterested party. 


In this summary practically all of the Westinghouse and a few of the Thom- 
son-Houston lighting systems were alternating current, the Edison stations 
were direct current for three-wire incandescent service and the remaining 
stations numbering well over 1000 were practically all for are lighting. 


LONG-DISTANCE TRANSMISSION 


The typical city service which has just been described constituted a large 
proportion of the electrical activity in 1890. 

The list of exceptional transmission plants in America begins with the 
plants at Willamette Falls and at Telluride. 

At Willamette Falls generators of 4000 volts supplied current for trans- 
mission to Portland, Oregon, a distance of 12 miles. The pressure was 
reduced by transformers to approximately 1000 volts which was supplied to 
ordinary lighting circuits, each generator supplying 1250 lamps. This plant 
began operation in the summer of 1890 and within about a year a total of seven 
or eight generators were in operation. 

In the fall of 1890 a 100 horse-power synchronous motor operated from 
a single-phase generator of slightly greater rating was supplied for operating 
a mining plant near Telluride, Colorado. The voltage was 3000 and the dis- 
tance was 3 miles. Operation began in the following spring. The suc- 
cessful transmission of power at so high a voltage, to so great a distance, for 
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the operation of so large a motor by alternating current which was readily 
adapted for higher voltage and longer distances, was a notable advance in 
electrical power development. 

Mr. Stanley stated in the electric-lighting convention in Buffalo in 1890: 


That there was no apparatus existing at that time which would be commercially 
operative to transmit the power from Niagara Falls to Buffalo. 

' Similar powers have been transmitted, not of the magnitude of the Niagara power- 

plant, over distances greater than that to be transmitted to Buffalo, but the peculiar 

feature of the Buffalo-Niagara transmission plant is that the forces coming into play 

in that plant are so tremendous, as compared with anything that has been done before 

that the engineering problem has to be solved entirely afresh. 


In Kurope there was greater activity along the lines of special develop- 
ments aside from the ordinary lighting plants. In a number of instances 
power in small amounts was transmitted to considerable distances by direct 
current in circuits in which the current was constant and the voltage was ap- 
proximately proportional to the load. The transmissions by Deprez in France 
and a number of transmissions in Switzerland were of this type. They have 
been referred to in preceding chapters in the account of the visit of the officers 
of The Cataract Construction Company in their investigations during 1890. 
There were also some single-phase synchronous motors in operation, notably 
two designed by C. KE. L. Brown, of 80 horse-power output which were opera- 
ted at 2000 volts. 


INTERNATIONAL NIAGARA COMMISSION 


Another significant indication of the state of the art in 1890 is contained in 
the projects presented by prominent engineers and engineering firms for the 
transmission and distribution of power at Niagara which were presented to 
the International Niagara Commission. These are described more fully else- 
where. None of the projects submitted was deemed worthy of a first prize. 
Of the six electrical proposals four were for direct current and two were for 
alternating current. One of the direct current proposals contemplated 1250 
horse-power generators, giving constant potential for the local distribution in 
which it was proposed to operate two systems, one 2000 volts three-wire for 
1000-volt motors and the other 1000 volts, three-wire for 500-volt motors. For 
the transmission to Buffalo, it was proposed to employ a constant current of 
544 amperes supplied by ten 1600-volt generators in series giving 16,000 volts 
at full load, which would operate motors connected in the same way in re- 
ceiving stations in Buffalo where they would, in turn, operate generators 
supplying constant voltage circuits similar to those proposed for local 

1 Chapter X, Volume I. 
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distribution at Niagara Falls. An alternative arrangement slightly modified 
these conditions. 

In another direct-current project the dynamos were to be of 2500 horse- 
power supplying 330 amperes and 5000 volts which was the highest potential 
proposed. The receiving machines in Buffalo were to be similar to the gen- 
erators and were to be used for driving low tension dynamos. 

One of the alternating current proposals was for single-phase and the other, 
by Professor Forbes, proposed polyphase currents. All of the proposals 
seemed rather vague and indefinite, as in fact they were, because they 
were dealing with magnitudes far beyond anything which had yet been 


‘achieved... m 
ELECTRIC TRANSMISSION OF ENERGY,” GISBERT KAPP 


The state of the art of electric transmission at the time the study of the 
Niagara project was undertaken in the summer of 1889 is presented in 
Electric Transmission of Energy by Gisbert Kapp of London. The preface 
to the second edition is dated October, 1889. In this book of some 350 pages 
much attention is given to the underlying principles involved and to the per- 
formance of individual machines. A chapter is devoted to the possible applica- 
tions of electric transmission. Some sentences from this chapter indicate its 
import. 

Electric transmission has therefore to compete with a host of mechanical devices and 
it becomes important to compare it with them. . . . Whether electricity is ulti- 
mately destined to supersede shafting, pulleys and other gear now commonly used for 
transmission of energy over short distances is a question which only enthusiasts, or those 
imperfectly acquainted with the technical. part of the subject can be bold enough to 
answer. ee, 

It would seem that long-distance transmission offers a better field for the application 
of electricity than short-distance transmission. The reason is not that it is easier to 
transmit energy electrically over longer distances, but that the difficulties of employing 
purely mechanical means are so great as to make competition easier. . . . There 
are four systems of importance suitable for long-distance transmission: The electric 
transmission of energy; the hydraulic transmission of energy; the pneumatic transmis- 
sion of energy ; the transmission of energy by wire rope. 


After sixteen pages of comparison of these several methods of transmission 
the chapter concludes with these paragraphs: 
Summarizing the results detailed in the table, we come to the following conclusions : 
1. It pays to transmit cheap water-power ; by wire rope if the distance is less 


than a mile, and electrically if the distance is a mile or more. This applies 
to all powers. 


2. It pays to transmit cheap steam-power if the amount of energy required at 
the receiving station does not exceed 10 horse-power. If the distance is 
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less than a mile use wire-rope transmission; for distances of 1 mile and 
upwards, up to 2 or 3 miles, use electric transmission. Beyond this limit 
a small local steam or gas engine is preferable. 


In the final chapter dealing with installations the following is significant: 


At the present time there are so many electric transmission plants in actual use that 
the task of choosing one or two for more detailed description becomes a somewhat in- 
vidious one. . . «~The Maschinenfabrik Oerlikon in Switzerland has not only carried 
out the largest plants of electric transmission, but has also had some of them investigated 
by independent authorities, and thus given the scientific world the benefit of their ex- 
perience. . . .At the present time a slow but sure process of replacement of the 
wire rope by the electric conductor is going on in Switzerland and neighboring countries 
where water-power is abundant. . . .The first installation carried out by Mr. C. 
E. L. Brown, electrical engineer to the Oerlikon Works was one of 50 horse-power, be- 
tween Kriegstetten and Solothurn, a distance of 5 miles and gave a commercial effi- 
ciency of about 74 per cent. 

A table giving the installations by the Oerlikon works of 50 horse-power 
or more contains a list of seventeen localities. ‘The dynamos in each, with one 
exception, range from one to four, the capacity of only five of them exceeds 
100 kilowatts, the largest being 310. 

The maximum distance, found in two plants, is 8 kilometers or about 5 
miles and in several the distance is only about a half mile. The exception 
above noted is Argentine Republic and Chile where there were 26 dynamos 
ranging from 24 to 54 kilowatts and there are two distances given, 3 and 7 
kilometers respectively. The power was developed in many small motors 
principally or wholly for driving air compressors in the construction of tun- 
nels on the trans-Andine Railway. 

No reference is made in the text of this book by Gisbert Kapp to alterna- 
ting current. All of the transmissions above described appear to have been 
direct current employing the constant current system in which in general a 
generator supplies current over its own circuit to its own motor. 

It was natural that this development should have progressed rapidly in 
Switzerland where there were many sources of water-power and no coal. The 
mountainous country often prevented the location of the mill at the water- 
fall, consequently wire-rope transmission had been largely used between them 
and electric transmission from a waterfall to a mill found a promising 
opportunity. 

The presentation of power transmission in Kapp’s treatise appears to have 
no suggestion of a system for the general transmission and distribution of 
power. 

The promoters of the Niagara project for 200,000 horse-power involving 
distances of 20 miles and more, could have found little satisfaction in this 
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treatise on the electrical transmission of energy by a foremost electrical 
authority and writer in the record of things accomplished; they might, how- 
ever, have been inspired with a hope for the future in the following sentences 
from the preface. 


Another subject which might have found a place in the present volume is that of 
power transmission by means of alternating currents. It is quite possible that for the 
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transmission of very large powers over very long distances, the alternating current may 
eventually prove more convenient than the continuous current, but as up to the present 
no such transmission plant has yet been erected, the subject must still be regarded as 
in the experimental stage, and not ripe for discussion in a book which, being intended 
for practical men, should deal with accomplished facts rather than with possibilities, 


“HIGH TENSION CURRENTS,” BY CHARLES E. L. BROWN 


On February 9, 1891, the week after the dissolution of the International 
Niagara Commission in Icondony Gs. Hada Brown, the electrical] director of 
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the Oerlikon Engineering Works at Oerlikon, Switzerland, read a paper’ in 
Frankfort before the German Electrical Society (FKlektrotechnischer Verein) 
entitled, High Tension Current, Its Generation, Distribution and Utilization, 
having special reference to the use of high tension for the transmission of 
electric power over long distances. 

He pointed out the difficulties and limitations in the use of direct-current 
machinery and explained the ideal simplicity of the alternating-current trans- 
former and its practical adaptation for high voltages when oil was introduced 
as an insulating medium. For transmission, he proposed porcelain insulators 
provided with a groove on the inside of the lower edge to be filled with thin 
oil for insuring adequate surface insulation. He suggested high iron poles, 
separated as much as 200 meters. For driving large individual motors and for 
electric lighting, the ordinary alternating current was indicated as sufficient, 
but for the general operation of small motors and lighting “we will use the 
polyphase alternating currents which likewise include the possibility of most 
varied use in motor operation.” 

He then refers to his own experiments: “Naturally I would not like to have 
it said that all the questions coming into consideration here have been definitely 
solved. Only larger practical experience can bring about these solutions and at 
present we have only some preliminary experiments carried out on a small scale 
which naturally can in no way as yet give definite conclusions on all points.” 

He then described tests made at Oerlikon on a short transmission line at 
30,000 volts in which the line losses over insulators, the matter of especial con- 
cern, were found to be negligible. These tests were preliminary to his project 
for the generation and transmission of about 100 horse-power from Lauffen 
on the Neckar River to the city of Frankfort, more than 100 miles, then in 
preparation for the exhibition to be held in that city in the following August. 

He concludes his address with the following paragraphs: 

The transmission of electric energy by means of current tensions of, for example, 
30,000 volts is possible, the distribution of energy to great distances by electrical 
methods is a fact and this will lead to the utilization of many sources of power now 
slumbering and make the blessings of the electric current serviceable to the greatest 
extent to all industry. 

The erection of such installations according to the criteria set up by myself and ac- 
cording to the preliminary experiments made, seems possible without qualifications ; how- 
ever, I do not conceal the fact that with their practical execution a great deal will be 
learned and will be improved which does not detract from our present opinions. 

Let us hope that the electro-chemical exposition to be held here in the coming months 
may encourage new advances in this field and secure the conversion of many doubters of 
the tremendous importance and ability of technical electricity. 

1See Appendix N, Volume II. 
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Upon receipt of notice in October, 1891, of the retirement of Mr. Brown 
from the Oerlikon works, the president of The Cataract Construction Com- 
pany invited him to consider the establishment of new engineering works at 
Niagara Falls and offered to promote its formation and business. His reply 
showed that having already founded the firm of Brown, Boveri & Company at 
Baden (Switzerland), it was not practicable for him to become personally 
identified in the Niagara enterprise proposed. 

Soon after this negotiation The Cataract Construction Company an- 
nounced that it had 
decided to establish in connection with the hydraulic works of The Niagara Falls Power 
Company, at Niagara Falls, New York, a central station for generation and distribu- 
tion of electrical energy for power and lighting purposes. 

Proposals were invited from Swiss engineering works of designs for a 
central station and its machinery suitable for hydro-electric units of 2500 
horse-power generation and local distribution. The Swiss designs submitted 
in this connection were so promising that negotiations were opened for terms 
and conditions of contract for manufacture in Switzerland or for construc- 
tion in the United States under Swiss supervision. 

To the inquiry as to the guarantee of operation and the protection of the 
designs against liability for infringement of patents in the use of such ma- 
chines at Niagara Falls as they proposed, the Oerlikon Company stated posi- 
tively that it would not guarantee the design against patent infringement. 
The negotiations ceased. There appeared to be disappointment on both sides, 
but the cataract company insisted it would not purchase otherwise, a position 
that was maintained in the entire installation of its Niagara plants. 

Further study of this subject led to the decision for 5000 horse-power units 
and for an installation of alternating current for long distance as well as local 
transmission—one system with the feasibility of divers uses. 


SUMMARY: THE NIAGARA PROBLEM 


Briefly summarizing the state of the art of electrical transmission in 1890: 
there were various systems using currents of different character and at differ- 
ent voltages and requiring independent generators and independent circuits 
for different kinds of lighting service and for railway operation. There was 
but little power and it was generally incidental to lighting. Where there was 
comparatively long-distance transmission by direct current there was usually 
an individual generator supplying constant current to its own motor. Where 
longer distance and large power were involved it was proposed to operate 
several generators in series as a single unit and also to operate several motors 
but the several motors were usually used for driving a single load, usually 
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dynamos in a sub-station. The commercial operation at Telluride in which 100 
horse-power was transmitted 3 miles at 3000 volts in 1891, and the experi- 
mental transmission to the Frankfort Exposition of alternating current from 
a 300 horse-power hydro-electric station at Lauffen on the Neckar River, 
over a distance of 100 miles at 30,000 volts, in the fall of 1890, are the 
principal power transmissions of that period, both of them subsequent to 
the preliminary decisions as to Niagara power policies. The contemplation 
of the use of electricity from hydraulic units of 5000 horse-power in a plant 
which would ultimately aggregate 100,000 horse-power or more, which ap- 
proximated the output of all the electric lighting stations in this country, re- 
quired imagination, optimism and confidence that the plants then in operation 
were a promise and a prophecy of larger things which might be developed 
within a few years. 

Electric power, with incidental lighting, instead of electric light with inci- 
dental power, was the new condition which Niagara presented. The ideal 
plant should supply all kinds of service from generators and circuits of a 
single type instead of the many types which were then necessary. It should 
be capable of supplying large amounts of power to Buffalo and beyond. It 
should be a universal electric power system. It should be different in kind and 
in size from anything then in existence. 

The report of the International Niagara Commission containing proposals 
by many leading engineers and manufacturing organizations of methods for 
transmitting power is an authoritative presentation of the state of the art in 
1890. It merits careful perusal by the student of electrical history. Only two 
of the many proposals advocate alternating current, and Professor Forbes 
alone, proposed polyphase currents. And his recommendations were based 
on theory and expectation rather than accomplishments. 


ALTERNATING-CURRENT PLANTS IN OPERATION MAY 6, 1893 


During the period from 1889 to 1893, in which the project of The Niagara 
Falls Power Company was being developed through the agency of the Inter- 
national Niagara Commission which secured projects from many of the lead- 
ing engineers of the world and through continued investigations and studies 
by its technical staff and by manufacturing companies concerning themselves 
with the Niagara program, there was a continuing increase in the general use 
of electric power. Alternating-current plants for the lighting of cities and 
towns and for the transmission of current for this purpose from distant hydro- 
electric plants were increasing in extent and in importance. The great de- 
velopment during this period, however, was in the design and construction of 
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electric machinery. New types of apparatus, such as the induction motor and 
the rotary converter, were being developed, and great improvements were 
being made in the design and construction of electric generators and trans- 
formers. All this made possible a continuous advance in the electrical service 
rendered, and it gave promise of larger and continuing development in the 
future. 

The state of the art on May 6, 1893, when the directors of The Niagara 
Falls Power Company officially decided on the adoption of polyphase alter- 
nating current is of particular interest, as indicating to what extent their 
decision was based on actual practical accomplishment and to what extent 
upon faith and hope that electrical engineers could produce apparatus much 
larger in size than had ever been built and that new types which were then 
hardly beyond the stage of experiment would prove successful. 

A review of plants in operation shows that the outstanding actual achieve- 
ment in power transmission was at Telluride where a 100 horse-power syn- 
chronous motor had operated for two years under adverse physical conditions. 
The maximum size of single-phase alternating-current generators was about 
1000 horse-power and there were no polyphase plants in commercial operation 
which were of sufficient size and importance or which had been operating long 
enough to be a factor in the Niagara determination. Several plants had been 
sold and were under construction indicating confidence in this type of electrical 
system, but so far it was promise rather than performance. 

The tests for the Frankfort Exposition in 1891 demonstrated the feasibility 
of transmitting power 100 miles by polyphase alternating current and the 
apparatus at the Chicago Exposition in 1893 showed how polyphase power 
could be converted and transformed for supplying all kinds of electric service. 
These exhibits, described elsewhere, presented in miniature in units of a few 
hundred horse-power, what was proposed at Niagara on a scale of 100,000 
horse-power. 

The foregoing summarizes the practical basis on which the technical advisers 
of The Niagara Falls Power Company based their recommendation and upon 
which its directors took action. When one visualizes the far-reaching im- 
portance of that decision and the disaster which would have followed from 
failure, there comes an appreciation of the vision, the imagination, the judg- 
ment, the daring and the courage which were exercised in deciding upon the 
new solution for the new problems with which they were confronted. It was 
an adventure into the unknown. Now we measure the success by the results. 
But we can scarcely appreciate the meagerness of the experience upon which 
so important decisions were based and the seriousness of the problems which 
were yet unsolved, 
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CHAPTER XXII 


WESTINGHOUSE ELECTRIC AND MANUFACTURING COMPANY 
1886 


GEORGE WESTINGHOUSE ESPOUSES ALTERNATING CURRENT 


FLE organization of the Westinghouse Electric Company in 1886 (suc- 

ceeded by Westinghouse Electric and Manufacturing Company in 1890) 
marked the embarkation of George Westinghouse, inventor of the air brake, 
upon a new field of manufacturing for which his experience as mechanical 
engineer and inventor particularly qualified him. 

His serious interest in electrical matters had been aroused by information 
regarding the Gaulard and Gibbs system of alternating-current transmission 
in which a small current at high voltage could be carried over small wires for 
a long distance and then transformed to a large current at low voltage suited 
for incandescent lamps and other uses. 

He saw that by the new system the distribution of electricity might be ex- 
tended far beyond the limits practicable by the methods then in use; he ac- 
quired the Gaulard and Gibbs patents; he imported apparatus from England 
and began testing and developing it in 1885. It was soon arranged that 
William Stanley, a member of his electrical staff in Pittsburgh, should devote 
his energies to the problem. 

Stanley had been interested in alternating current phenomena and had ex- 
perimented with the action of coils in previous years, and was in position to 
appreciate the new problems. He returned to his home in Great Barrington, 
Massachusetts, established a laboratory and shop in an old rubber mill, recog- 
nized the limitations of the constant current method employed in the im- 
ported apparatus in which the primary windings of the transformers were 
connected in series, adopted a constant potential system in which the primary 
windings are connected in multiple or parallel, designed and built a number 
of transformers (then termed secondary generators and later converters) and 
placed them at various houses and stores for supplying incandescent lamps. 
The current was transmitted at 500 volts from an imported Siemens’ alterna- 
tor. Operation began March 16, 1886, and soon afterwards Mr. Westing- 
house and party inspected the plant. Their favorable impression led to the 
active development at Pittsburgh of alternators (following a new design of 
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Stanley’s), transformers and other appliances. So rapidly was this work 
pushed forward that by the end of the year several equipments had been 
shipped to various localities for installation in commercial lighting plants. 


WituraMm STANLEY 
| Pioneer Evecrricat INveENTOR 


In October, 1887, Mr. O. B. Shallenberger, electrical engineer of the 
Westinghouse Company, made the following statement: 

The first commercial plant was put in operation in Buffalo, New York, in November, 
1886, and has been in successful operation since that time as a commercial plant. Since 
that time a number of commercial plants have been installed reaching between thirty 
and forty and varying from 650 to 10,000 lights of 16 candle-power capacity. More 
than thirty plants in addition have been sold but not yet installed. 

The alternating current was single phase, 133 cycles and was transmitted 
at a little over 1000 volts to transformers placed at residences and stores which 
lowered the voltage to 100 volts or 50 volts for lighting. As a distance of sev- 
eral miles could be economically served by this system it was superior to ordi- 
nary direct current for incandescent lighting which found its limit well within a 
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single mile. But the new system was handicapped by having no meter to 
measure the service to the consumer and it had no motor. 

In 1888 two important advances were made: Shallenberger in the Westing- 
house laboratory invented the induction meter and the Tesla patents for the 
polyphase induction motor were issued and acquired by Mr. Westinghouse. 
The new meter and the new motor were simpler in construction and operation 
than the corresponding direct-current apparatus and their advent gave a 
great impetus to the alternating system. 


BEGINNINGS OF ALTERNATING CURRENT AND OF THE NIAGARA PROJECT 


It is interesting to compare the dates of the beginnings of the alternating 
current and the starting of the project which eventuated in the electrical de- 
velopment at Niagara. The practical demonstration of alternating current 
for lighting at Great Barrington, beginning on March 16, 1886, preceded by 
just fifteen days the obtaining from the New York Legislature of a special 
charter which was the legal beginning of The Niagara Falls Power Company. 
The issuing of the Tesla polyphase patents in May, 1888, was followed a year 
later by the organization of The Cataract Construction Company which 
undertook the investigation of methods of developing Niagara power. Ni- 
agara plans and alternating-current machinery developed simultaneously and 
in less than a decade they mutually contributed to the inauguration of modern 
hydro-electric power service. 

The first alternating current central station in America began operation in 
Buffalo on November 30, 1886, for supplying a few hundred incandescent 
lamps. On November 15, 1896, the Niagara- Buffalo transmission line brought 
Niagara power to Buffalo as polyphase alternating current, inaugurating 
universal electrical service. 


THE POLYPHASE SYSTEM 


The new motor, however, required for its operation a polyphase current, 
either two-phase or three-phase. This necessitated a generator which could 
supply two or three alternating currents whose impulses follow one another 
in much the same fashion as the reciprocating pistons of an engine with sev- 
eral cylinders so that in both cases the successive impulses give a resulting 
turning effort that is uniform. But the generators then in use were not of 
that type, and the standard frequency of 133 cycles was too high for satis- 
factory operation of induction motors. 

Hence a new type of generator and of distribution circuit was necessary, 
so that the commercial introduction of the motor involved much more than its 
own design and development. The polyphase motor, therefore, did not meet 
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the immediate call for motors to be operated from lighting circuits. Several 
installations of Telsa motors and two-phase generators for operating ma- 
chines for mining coal were installed, but the polyphase system for general 
lighting and power service was not developed and introduced until several 
years later. In the meantime, there was continued extension of commercial 
lighting by alternating current and the experimental development of apparatus 
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of large sizes and for higher voltages, all of which was paving the way for 
later and larger achievements. Several of the Westinghouse undertakings 
which were notable advances were the 12-mile transmission from Willamette 
Falls to Portland, Oregon, the synchronous motor at Telluride, Colorado, 
and the 10,000 volt, 30-mile transmission in Southern California, which used 
oil-insulated raising and lowering transformers. These were inaugurated re- 
spectively in 1890, 1891 and 1892. The largest machines in these installations 
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did not exceed 150 horse-power and the largest transformers were less than 
10 horse-power. 


EUROPEAN INVESTIGATION AND THE NIAGARA PROJECT 


In 1889-1890 Lewis B. Stillwell, then assistant electrician of the Westing- 
house Company, made a tour of Europe to ascertain the state of electrical 
development in various countries, particularly in England, France, Italy, 
Austria-Hungary, Germany and Switzerland. He visited the chief centers 
of electrical activity and examined some of the more important hydraulic 
installations. 

Mr. Stillwell’s survey of the European electrical systems in use in the early 
part of 1890 showed direct-current apparatus for the three-wire system, at 
200 volts, in units of 1000 horse-power, direct driven by steam engines in proc- 
ess of installation in Berlin for lighting purposes. An alternating-current 
single-phase generator of 1000 horse-power direct connected, producing cur- 
rent at 2000 volts was under construction in Hungary. 

He was present in London during the organization and first meetings of 
the International Niagara Commission in June, 1890. 

H. M. Byllesby, vice-president of the Westinghouse Company, was also in 
London at that time, having just completed the organization of the British 
Westinghouse Company, Ltd. Mr. Westinghouse was thereby enabled to 
have prompt information regarding the progress of electrical engineering 
abroad, by which he could be guided in the development of his manufacturing 
operations which soon became so extensive in the fields of electrical industry 
in the United States. 

Mr. Westinghouse and his staff were not leaning heavily upon European 
developments. They were influenced, however, by examples of direct-con- 
nected engines and generators in Berlin and Budapest and by the successful 
use of low frequency (42 cycles) for are lighting as well as incandescent light- 
ing by the Ganz Company. 

Mr. Stillwell, accompanied by Reginald Belfield, the electrician of the new 
British Westinghouse Company, conferred with President Adams and Chief 
Engineer Sellers of the Niagara company in London regarding their problem 
and their plans for the International Niagara Commission. Mr. Stillwell at 
the first interview advocated alternating current and stated that he was very 
eager to have his company enter the competition, but Mr. Westinghouse re- 
fused. Subsequently he informed Mr. Stillwell of his reason, to the effect, 
that “these people are trying to get $100,000 worth of information for a prize 
of $3000. When they are ready to do business, we will submit a plan and bid 
for the work.” 
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The facts bearing upon these statements of Mr. Westinghouse are as 
follows: 


Although no plan deemed worthy of the first prize was submitted to the 
commission some of the important results of the organization were (1) a 
demonstration that the written and published accounts of the state of the art 
of generation and transmission of power were several years behind its practise, 
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ALTERNATING CurrENT Power-pianr at Wortp’s Farr, Cuicaco, 1893 


Four of the twelve 1000 horse-power two-phase generators 


while much remained to be done that had not yet been worked out, the situa- 
tion being as expressed on the ex libris of the American Institute of Electrical 
Engineers, “Science precedes books and not books science”; and (2) it re- 
sulted in an expenditure by The Cataract Construction Company abroad of 
not less than $430,000 for services and materials utilized at Niagara in the 
harnessing of the falls. 
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Development of alternating-current apparatus was rapid. Lighting plants 
for towns and cities were continually increasing in number and size. The out- 
standing event was the lighting of the World’s Fair at Chicago in 1893. After 
a bitter commercial struggle and with financial, engineering, manufacturing 
and patent difficulties to overcome, Westinghouse and his alternating current 
won. The construction of twelve polyphase alternators of a thousand horse- 
power each and the electric illuminations of a great White City for the first 
time in history were great events but they were overshadowed in real signifi- 
cance by a more important though less spectacular exhibit. 

Col. Henry G. Prout in his 4 Life of George Westinghouse’ concludes 
the chapter on the Chicago World’s Fair, 1893, with these significant 
paragraphs: 


Quite apart from the lighting plant, the Westinghouse Company showed at the 
World’s Fair a complete polyphase system. A large two-phase induction motor, driven 
by current from the main generators, acted as the prime mover in driving the exhibit. 
The exhibit, then, contained a polyphase generator with transformers for raising the 
voltage for transmission; a short transmission line; transformers for lowering the volt- 
age; the operation of induction motors; a synchronous motor; and a rotary converter 
which supplied direct current, which in turn operated a railway motor. In connection 
with the exhibit were meters and other auxiliary devices of various kinds. The apparatus 
was in units of fair commercial size and gave to the public a view of a universal power 
system in which, by polyphase current, power could be transmitted great distances, and 
then be utilized for various purposes, including the supply of direct current. It showed 
on a working scale a system upon which Westinghouse and his company had been con- 
centrating their efforts; namely, the alternating-current and polyphase system. 

It has been maintained with some plausibility that the most important outcome’ of 
the Centennial Exposition of 1876 was that the people of the United States there dis- 
covered bread. So it may be maintained with even more plausibility, that the best result 
of the Columbian Exposition of 1893 was that it removed the last serious doubt of the 
usefulness to mankind of the polyphase alternating current. The conclusive demonstra- 
tion at Niagara was yet to be made, but the World’s Fair clinched the fact that it 
would be made, and so it marked an epoch in industrial history. Very few of those who 
looked at this machinery, who gazed with admiration at the great switchboard, so in- 
genious and complete, and who saw the beautiful lighting effects could have realized that 
they were living in an historical moment, that they were looking at the beginning of a 


revolution. 
POLYPHASE CURRENT FOR NIAGARA 


In December, 1892, about eighteen months after the issue of the printed 
report of the International Niagara Commission and a year after the invitation 


1 Written for a committee of the American Society of Mechanical Engineers and published by that 
organization in 1921. 
2 The Vienna Bakery was the source of this “most important outcome.” 
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for tenders, Mr. Westinghouse notified The Cataract Construction Company 
that his company was ready to present a plan illustrative of the electrical 
scheme it would propose for Niagara. It was the polyphase alternating cur- 
rent, 30-cycle system. Dr. Sellers and Professor Rowland, on behalf of 
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The Cataract Construction Company, attended at that time various demon- 
strations at the Westinghouse factory including the operation of rotary con- 
verters and tests of incandescent lamps at various frequencies of alternating 
current. The officers of the cataract company made an inspection with their 
experts, after the latter had passed several days making the examinations. 
The facilities of the Westinghouse Company were reported by the engi- 
neers of the cataract company as ample for such construction as was proposed, 
while the experience of such mechanical engineers as George Westinghouse 
and Albert Schmid constituted a guarantee of mechanical superiority, and the 
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reputations of their electrical engineers, Lewis B. Stillwell, Oliver B. Shallen- 
berger, Benjamin G. Lamme, Charles F’. Scott, and others, combined to im- 
press the Niagara management with the seriousness and the skill of the efforts 
that would be made to produce the electrical machines desired, although abso- 
lutely novel in design and unique in magnitude. Moreover, the fact that the 
_ Westinghouse enterprise was developed from a machine shop as a foundation 
into a great engineering structure, including important electrical works as 
its latest production, was a promise of favorable results, particularly in view 
of the declaration of Sir William Thomson (Lord Kelvin) that “an electrical 
engineer is nine-tenths mechanical.” 


ENGINEERING STAFF 


When the Niagara enterprise began to take definite shape as an electrical 
project, with a board of engineers and technical experts retained to advise in 
the design and construction of a system of electrical generation, transmission 
and distribution, Mr. Stillwell was instructed to give his personal attention 
to Niagara affairs. While his official title was chief electrical engineer, he 
appears to have been in reality the general engineer on this Niagara work, both 
before and after the awarding of the contract. He was consulted by all co- 
workers, dealing directly with The Cataract Construction Company, and de- 
termining the general contract conditions. 

Two of the Westinghouse staff of engineers, Albert Schmid, mechanical 
engineer, and Benjamin G. Lamme, electrical engineer, devoted themselves 
to the modification of the design submitted by The Cataract Construction 
Company’ and its adaptation to the machine tools and mode of manufacture 
of the Westinghouse Company. ‘The modifications proposed in the design 
and accepted by the cataract company were developed by these two engineers 
and constituted, with the fundamental umbrella design of Professor Forbes, 
the Niagara type of alternator that was installed to the extent of 50,000 
horse-power in Power-house Number One at Niagara Falls under the primary 
contract of August 10, 1893. 

The great importance of this contract and the wide influence of the suc- 
cessful machine it produced justifies a special reference to the two engineers 
who were mainly responsible for the electrical features of the design. 

The signing of the contract for the generators was the great event in the 
history of The Niagara Falls Power Company. At that moment there was 
transition from the period of investigation of method to the stage of action. 

For a century there had been attempts to use Niagara power, for seven 
years a franchise had awaited action, for four years there had been scientific 

1 See letter of invitation of August 10, 1893, Chapter XXIII, and Appendix M. 
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investigation. The International Niagara Commission had asked for an engi- 
neering answer to this problem of Niagara power, and the company’s experts 
had long weighed the relative merits of compressed air versus electricity; of 
direct current versus alternating current; of high frequency versus low fre- 
quency; of the designs of one manufacturer versus those of others. Now the 
discussions were at an end, the decisions were made and the verdict was sealed 
in a contract. Henceforth success depended upon the physical performance 
of the generators—upon the correctness-of designs and the integrity of ma- 
terials and the excellence of workmanship in the construction of machines 
which were without precedent. 

The contract placed upon the Westinghouse Company full responsibility 
for performance. The “preliminary design” of the generator presented by 
the cataract company proposed an external field ring and a special form of 
armature winding with an oil circulating system for insulating and cooling 
the armature coils. Specifications regarding the “umbrella type” of field were 
agreed upon, the Westinghouse Company, however, being invited to employ 
such modifications of design as it deemed necessary in order to guarantee the 
efficient working of the machine, adopted a different type of winding and 
method of insulation. 

Many minds in America and abroad had contributed during several years 
to the decision as to what should be done; now the responsibility for bringing 
that decision to successful fruition rested upon two of the Westinghouse 
staff of engineers, Albert Schmid, mechanical engineer, and Benjamin G. 
Lamme, electrical engineer. 

Albert Schmid, a Swiss mechanical engineer, in the employ of the French 
Westinghouse Air Brake Company, was personally selected by Mr. Westing- 
house to come to the United States to work with the American brake com- 
pany in 1885. His keen mechanical perception and aptitude in developing 
ideas on the drafting board soon led to his becoming chief designer and engi- 
neer when the Union Switch and Signal Company began its electrical 
development. 

Upon the formation of the Westinghouse Electric Company in 1886, 
Albert Schmid was chosen to co-operate with electrical engineers in working 
out the mechanical designs of the new apparatus. His artistic taste and 
mechanical ability combined to produce forms which were simple, robust and 
graceful. In the period of early electrical development he placed his charac- 
teristic stamp on the apparatus manufactured by his company. 

In the Niagara contract he recognized opportunity for great achievement 
and he did his best. He was not only chief designer but was maker as well, 
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as he was superintendent of the company in charge of both its manufacturing 
and drafting departments. 

B. G. Lamme, recently graduated from college, began working for the 
Westinghouse Company in 1889, just at the time that the cataract company 
began its scientific investigations as to means of developing Niagara power. 
His first duties were routine, but some of his characteristics soon came to the 
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attention of Mr. Schmid and he was given tasks of increasing importance in 
the testing room. He was a close observer and a clear reasoner; he showed 
remarkable aptitude in analytical reasoning; he understood the fundamental 
principles underlying electromagnetic apparatus; he applied these principles 
in design and produced new and rational types. ‘The development of electrical 
apparatus during the ’80’s had been largely by cut-and-try methods. The result 
was a score of forms of field magnets which gave endless variety to the types 
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and appearance of dynamos and motors. Lamme was leader in adopting a 
rational form of magnetic field circuit and in devising simple and ingenious 
forms of winding. These were the result of careful analytical study and pains- 
taking calculations. He did not imitate, he originated. 

Within a few years he had produced a new type of direct-current generator 
and a new type of street railway motor, several of the outstanding features 
of which have become the universal standard. Then the apparatus for the 
Chicago World’s Fair gave proof of his versatility and ability as he designed 
successful generators for the power plant which exceeded all predecessors in 
aggregate capacity, and machines of various sizes and types for a special 
exhibit. The latter included generators, synchronous motors, induction motors 
and rotary converters and constituted the first large scale exhibition of a com- 
plete polyphase system including large rotary converters for producing direct 
current. It was a notable event in electric history. 

The design of the Niagara generator came to Lamme as an opportunity 
and also as a challenge of his ability as a designer. A statement regarding the 
Niagara generators, prepared by Mr. Lamme for this history, after they 
had been in service for twenty-five years, appears as Appendix M to this 
volume. 

It was fortunate for both the Westinghouse and the Niagara companies 
that the making of the generators fell to the lot of two such capable young 
engineers, Schmid, who was then 36 years of age and Lamme, who was only 29. 

Among other engineers whose activities and skill were devoted in allied 
departments to the development of design and construction of the Niagara 
plant, were the following: 


Oliver B. Shallenberger, consulting electrical engineer, who developed a 
new type of induction measuring instrument which was designated “Niagara 
Type.” 

Charles F. Scott, consulting electrical engineer, who acted in an advisory 
capacity in many important ways. Shortly after the alternator contract was 
awarded to the Westinghouse Company, Mr. Scott proposed the method of 
transformer connection by which the two-phase current from the generators 
was transformed to three-phase current for transmission to Buffalo. 


C. EK. Skinner had much to do with the development of the mica insulation 
on both the armature and the field of generator. 


H. P. Davis, Alexander Wurts and Henry Noel Potter were also actively 
associated with the work, particularly in connection with control switches, 
lightning arresters and other auxiliary apparatus. 
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Among others who were prominent in the work were Paul M. Lincoln, 
Phillip Lange, E. C. Means, W. K. Dunlap and Messrs. Sigfried, Boegel, 
W. F. Lamme, Beinitz, Wright, Friedlander, Strauss, Mould and Parks. 

The Westinghouse Company made due acknowledgment of the assistance 
of Dr. Coleman Sellers, president and chief engineer of The Niagara Falls 


Cuartes F. Scorr 


Consuttine Exrecrricat ENGINEER 


Power Company, and of De Courcy May, later superintendent and engineer 
of The Cataract Construction Company, who were in repeated consultation 
with Mr. Schmid and his assistants and made many valuable suggestions. 

Mr. Stillwell said in referring to his associates in developing and construc- 
ting the Niagara alternators: “We all worked together with enthusiasm and 
harmony, directed and inspired by Mr. Westinghouse, who kept very closely 
in touch with every important development.” 


199 


ARMATURE OF 5000 Horsr-powrr GENERATOR 
Ends of vertical conductors are being insulated. Cylindrical iron 
core is composed of horizontal thin iron plates, with 
horizontal ventilating ducts 


Se: 


js 


RRA: an ps. 


ARMATURE OF Earty 5000 Horsr-powrer GENERATORS 


View of small area of surface. Vertical conductors, mica in 


sulated, extend 
down from slots in iron ore to connector 


8, edges of horizontal 
thin iron plates form armature surface; ventilating 


spaces three inches apart 


ALTERNATING-CURRENT APPARATUS 


Although the electrical design was turned over to Mr. Lamme, and the me- 
chanical design to Mr. Schmid, Mr. Lamme pointed out that he had daily 
consultations with Mr. Stillwell, general engineer on the work, and with 
the other engineer on all important features, and that his great undertaking, 
like most large engineering feats, was the result of co-operation of many able 
and constructive minds. 


PIONEER FEATURES OF NIAGARA EQUIPMENT 


These early Niagara machines, described in another chapter, were pace- 
makers. They were still apparently as good as new after having served most 
efficiently for more than twenty-five years, which makes them patriarchs in 
the electrical field. 'They possessed novel and important features of construc- 
tion, and are entitled to full credit for initiating the large-scale use of the 
polyphase system into the electrical world. 

The auxiliary electrical apparatus including exciters, measuring instru- 
ments and switching devices were designed and constructed by the Westing- 
house Company. A new type of switchboard indicating and integrating meters 
involving the induction principle were designed by Shallenberger and chris- 
tened the “Niagara Type.” Another innovation was the electro-pneumatic 
operation of switches in which an auxiliary circuit operated electromagnets 
which controlled the air valves of cylinders, in which were pistons which could 
exert large and sudden forces to open or close the switches. A switch for 
normally handling a thousand amperes in each of four conductors from a 
2000-volt, 5000 horse-power generator was a step in this field comparable with 
that taken in generator construction. A new type of open-air switch with a 
non-arcing-metal shunt was provided and did duty for many years. Water- 
cooled, oil-insulated transformers which were here introduced are now used 
for the highest voltages. The bus-bars were of a new type and in their con- 
struction the Westinghouse Company was assisted by the Brown and Sharp 
Manufacturing Company of Providence, Rhode Island, and Dr. Habershaw, 
president of the India Rubber and Gutta Percha Company of New York. 


PAUL M. LINCOLN 


One of the electrical engineers in the Westinghouse group that produced 
the first three Niagara alternators under the original Westinghouse contract 
was Paul M. Lincoln, who joined the forces of the Niagara company in the 
summer of 1896, as operating superintendent at first and later as resident 
electrician. His activities pertained particularly to the Westinghouse ma- 
chines of Power-house Number One and the transmission to Buffalo that was 

1 For portrait, see Chapter XXVIII, Volume IT. 
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first operated commercially November 15, 1896. He remained at Niagara 
until 1902, when he rejoined the Westinghouse engineering staff. He is now 
the head of the electrical engineering department of Cornell University. 


LEWIS B. STILLWELL 


After the construction, test and installation of the first three alternators, by 
the Westinghouse Company, and after further contracts had been made with 


INSTALLATION OF ALTERNATOR Numper THREE IN PowEr-HOUSE NumpBer Ont’ 77 


that company for additional units, Mr. Stillwell resigned his position as chief 
electrical engineer and assistant manager of the Westinghouse Company and 
accepted in March, 1897, appointment as electrical director of The Cataract 
Construction Company and The Niagara Falls Power Company, in charge 
of the electrical construction and operation of those companies. 

He resigned his position with the Niagara company in September, 1900, 
after the 50,000 horse-power installation in Power-house Number One had 


t Alternator Number One was successfully installed in readiness for operation in April, 1895, 
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been completed, all the ten alternators and their auxiliary machinery having 
been constructed by the Westinghouse Company. 

Upon retirement from the Niagara company in 1900, Mr. Stillwell entered 
the career of consulting electrical engineering, and became associated with 
numerous important transportation and other companies that, under his direc- 
tion, adopted alternating-current systems as their sources of power. His per- 
sonal familiarity with the state of the electrical art in Europe in 1889, pursuant 
to his special mission from Mr. Westinghouse to that end; his leadership in this 
country in overcoming, at the Westinghouse works, the novel conditions en- 
countered in the construction of Niagara dynamos; and his contribution of 
inventions to solve some of the problems involved in the design, construction 
and operation of the first hydro-electric machines; all contribute to the weight 
of his statement in 1920 regarding the transformation of water-power at 
Niagara into electric power as wanted, that “the effects, direct and indirect, 
were of vast importance—comparable, in my judgment, to the successful 
operation of the first steam locomotive.” 


GEORGE WESTINGHOUSE 


The attitude of George Westinghouse to the Niagara enterprise is of in- 
terest. In conversation with President Adams of The Cataract Construction 
Company in 1890 he stated that he was inclined to believe that a central sta- 
tion in Buffalo could produce electric power from coal and steam more cheaply 
than it could be transmitted to Buffalo from Niagara. He said further that the 
alternating-current system would be found to be the only economical and prac- 
tical system for the project. He further expressed the belief that pneumatic 
transmission to Buffalo would probably be adopted thinking it might be found 
cheaper than electrical transmission and having the advantage that it could be 
introduced in existing manufactories for use in their steam engines without 
the abandonment of anything more than the boilers. This view was doubtless 
in large measure due to the fact that a great deal of attention was being given 
in Europe to the pneumatic transmission of power. 

Such views expressed by such a man prove unmistakably the inadequacy of 
existing electric systems for the Niagara task and they forecast the develop- 
ment of alternating current. He regarded the pneumatic method as more 
promising if immediate decision was to be made. The characteristics of 
Mr. Westinghouse are brought out in what followed. It has been stated that 
he declined to participate in the program of the International Niagara Com- 
mission. But continuously and comprehensively he and his staff worked upon 


1 The price of coal in Buffalo was then about $2.00 per ton. 
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the large problem of power transmission which Niagara presented. None of 
the projects presented to the commission in 1890 merited the award of the first 
prize. Westinghouse did not compete, but a few years later, in December, 1892, 
he stated that he was ready to present plans and to exhibit and demonstrate new 
types of apparatus which his company was prepared to furnish. The system 


which he presented was examined, approved and adopted and a little later, 
October, 1893, the Westinghouse Company was awarded a contract for the 
manufacture of three alternating-current, two-phase generators of 5000 
horse-power each, for Power-house Number One. Subsequently the company 
furnished the remainder of the 50,000 horse-power installation for that station 
as well as the larger units for the Canadian plant, being in all about one-half 
of the entire electrical generating system of the Niagara company. 

This award was appreciated by Mr. Westinghouse not only on account of 
its commercial significance, but because the selection of the polyphase alter- 
nating current in the greatest electric power project that had ever been 
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undertaken justified the long effort he had made to secure the development 
and adoption of this system. 
Colonel Prout states: 


Having seen his vision (alternating-current power system) Westinghouse proceeded, 
with his own unsurpassed fervor, courage and determination, and with his great intel- 
lectual power to develop it into physical being. He bought patents, he gathered about 
him a group of brilliant young engineers, and stimulated and guided them in design, in- 
vention and experiment, and through many and varied tribulations he moved steadily on 
to triumph. Considering the magnitude of his task, his progress was surprisingly rapid. 

His great service to mankind in this field of manufacture of power was in developing the 
use of the alternating current for the transmission and employment of electrical energy. 

The state of the electric art when Westinghouse first became seriously interested in 

the possibilities of the alternating current was like that of the railroad art when Sir 
Henry Bessemer brought forth his revolutionary invention for making steel . 
With characteristic modesty in one of his rare, lucid addresses, Mr. Westinghouse 
said: **To the part I took in bringing forward, in the eighties of the last century, the 
alternating-current system of electric generation and distribution, I owe much, if not all, 
of the reputation accorded me as one of the pioneers in what is now a great and im- 
portant industry.” 


Colonel Prout concludes the life of his friend as follows: 


The consequent increase in the wealth, the well-being and the happiness of the people 
will be a fascinating subject for speculation for centuries to come. We venture to say, 
with due regard to the meaning of every word, that a thousand years from now, when 
scholars and philosophers try to measure the influence in the history of the human 
race of the era of manufactured power, and when they try to name the illustrious men 
of that era, they will write high in the shining list the name of George Westinghouse. 


And the historian of the future in telling the story of electrical power will 
link Niagara with Westinghouse, and will record his participation in the 
harnessing of the great cataract as the opportunity which gave commercial 
realization to his great vision. 
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ELIHU THOMSON, ELECTRICAL ENGINEER 


The earliest worker in the alternating current field in the United States 
was Dr. Elihu Thomson, who built his first alternator in Philadelphia in 1878. 
It was a self-exciting dynamo electric machine, involving the principle of in- 
duction, and had collecting rings for two-phase current generated in its arma- 
ture coils. This machine was used for demonstrations at the Franklin Institute 
of Philadelphia in 1879, for which Dr. Thomson constructed four trans- 
formers early in that year. 

Thomas A. Edison had proposed in 1880 the placing of several direct- 
current generators in series for the generator and the motor stations, as a 
means of obtaining higher voltages for power transmission. This same 
method, and for similar purposes, was advanced by Dr. Elihu Thomson in 
1883, and by Lord Kelvin in 1893. 

An alternating-current dynamo connected to two transformers was pro- 
duced by Dr. Thomson and used a few years later, but owing to the active 
development of what became the business of the Thomson-Houston Are 
Lighting Company, not much attention was given to alternating-current ma- 
chines until 1884, when the company, then known as the Thomson-Houston 
Electric Company, of Lynn, Massachusetts, resumed attention to alternating- 
current distribution. The work of the first year in this field was mainly di- 
rected to devising safeguards against the dangers then thought to accompany 
the use of high voltage alternating currents. 

This preparatory experimental work was resumed in the fall of 1885, when 
Dr. Thomson took up actively the development of alternators and trans- 
formers, introducing many practical improvements in the design of such ma- 
chinery meters, and various supplemental instruments. 

His system of electric welding was developed from these alternating cur- 
rent experiments during this period. In 1888, he was engaged in experimental 
work upon single-phase alternating motors and in 1889 he exhibited a small 
motor of this type at the Paris Exhibition. 


GENERAL ELECTRIC COMPANY 


THOMSON-HOUSTON 
CONSOLIDATION, 1891 


It was not, however, until 1891 when the Thomson-Houston Electric Com- 
pany was consolidated with the Edison General Electric Company, of Sche- 
nectady, under the name General Electric Company, that preparations on a 
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large scale were made for the commercial introduction of alternating-current 
machines upon a market already inquiring for that type of electric appliance. 
CHARLES A. COFFIN, MASTER OF INDUSTRIES 


Some of the principal men of this company moved from Lynn to Schenec- 
tady and organized the General Electric Company under the scientific guidance 


Dr. Exinv THomson 


Piysicist anp INVENTOR 


of Dr. Elihu Thomson and the leadership of that master of industries always 
conservative but never retarding the sure advance of his organization in the 
electrical arts—Charles A. Coffin. Mr. Coffin became president of the com- 
pany and in addition to Dr. Thomson gathered about him such men as Kdwin 
W. Rice, Jr., C. P. Steinmetz, W. B. Potter, J. R. Lovejoy, A. L. Rohrer, 
George E. Emmons and others. Such an organization, representing the alter- 
nating as well as the direct-current systems, commanded the confidence of 
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The Cataract Construction Company in any design and proposal for construc- 
tion the General Electric Company might recommend. 

Neither the Edison General Electric Company nor the Thomson-Houston 
Electric Company submitted any project to the International Niagara Com- 
mission at its conferences in London in February, 1891. The interest in the 
alternating current on the part of the Edison General Electric Company was 


Cuarwes A. Corrin 
1845-1926 
FounvDER AND PRESIDENT OF THE 
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greatly increased by the reports from its representatives abroad respecting 
the claims made for this current by the electrical engineers who appeared 
before the International Niagara Commission to advocate their projects for 
Niagara, in which this current constituted a most interesting feature. 

The subsequent consolidation of the two companies was interpreted as re- 
sulting, in part, from the influence of the International Niagara Commission’ 


1 Organized and in conferences, June 21, 1890-February 4, 1891. 
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and indicated preparations to enter the field of alternating-current develop- 
ment, with its high voltages associated with polyphase current systems, in- 
duction motors and rotary converters. 

The organization of the General Electric Company just outlined was wel- 
comed by The Cataract Construction Company as promising another large 
electrical organization, prepared, by its engineering staff and manufacturing 
facilities, to design and construct alternating-current machines and their sup- 
plemental apparatus. 

Prior to the consolidation, the Edison General Electric Company had been 
the chief advocate of direct or continuous current in this country, while the 
Thomson-Houston Company, although identified scientifically with the al- 
ternating current, particularly through the inventions of Dr. Thomson, had 
not then become established as a manufacturer of polyphase current machines. 

In the early autumn of 1891 the experimental demonstration was made of 
the high-voltage transmission between Frankfort and Lauffen, about 100 
miles, to the electrical exhibition in Frankfort. This proved that the alterna- 
ting current at high tension could be insulated and controlled and economi- 
cally transmitted over considerable distance. 

The staff of the new General Electric Company undertook the study of this 
alternating-current problem, and the preparation of a proposal for the gen- 
erators on which it was anticipated they would be asked ere long to submit 
proposals for construction. 


ALTERNATING-CURRENT MACHINES 


After these events, development of this particular branch of electrical en- 
gineering proceeded with great rapidity, and, in 1892, The Cataract Construc- 
tion Company invited American and European electrical manufacturers to 
submit proposals for alternating-current generators of 5000 horse-power each. 

When considering, in the spring of 1892, electrical transmission as the only 
form of power distribution at Niagara, concentrated study was given to this 
subject by the officers of The Cataract Construction Company, with the 
highest authorities, particularly those not identified with the manufacture of 
electrical machinery. 

Inquiries were made in March, 1892, respecting the facilities and disposi- 
tion of the newly formed General Electric Company to enter competitive 
negotiations for contracts for power equipment at Niagara. Pres. Charles 
A. Coffin wrote that he had asked one of the best men from each of the com- 
panies (Kdison and 'Thomson-Houston) to give the matter special and careful 
attention, and that Lieut. O. T. Crosby, of the Thomson-Houston Company, 
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and Lieut. S. Dana Green, of the Edison Company, would look diligently 
after the matter. 

In anticipation of the construction of the Niagara alternators, after deciding 
to adopt the alternating current, inquiries were addressed by the cataract 
company to the General Electric Company as to the construction of larger 
units than 2500 horse-power, such as 5000 horse-power dynamos, and the 
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answer was promptly made September 14, 1892, “we are ready to undertake 
the construction of any size dynamos and motors.” 

William Le Roy Emmet, a consulting engineer of the Edison and of the 
succeeding General Electric Company, was then placed in charge of all the 
engineering connected with the work of that company at and in the vicinity 
of Niagara Falls. This responsibility comprised all designing in Schenectady 
as well as the installation of the machinery ordered for the Niagara district, 
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including the original installations of the Pittsburgh Reduction Company, 
the Carborundum Company, the Union Carbide Company, and other cus- 
tomers of ‘The Niagara Falls Power Company. 

The success credited to Mr. Emmet as designer and supervising engineer 
in the installation of his company’s alternators, prompted The Cataract Con- 
struction Company to offer him the position of electrical engineer of The Ni- 
agara Falls Power Company in 1901, soon after the completion of the 50,000 
horse-power installation in Power-house Number One, and the retirement of 
Lewis B. Stillwell, who had served the Niagara companies as electrical di- 
rector from 1897 to 1900. 

Mr. Emmet declined the appointment because, as he stated, he thought he 
“could do his best work in manufacturing.”” His recommendation of his as- 
sistant, Harold Winthrop Buck, was adopted, and Mr. Buck became elec- 
trical engineer, September 1, 1900, and continued until December 31, 1907, 
in responsible charge of the electrical engineering work of the allied com- 
panies—The Niagara Falls Power Company, Canadian Niagara Power 
Company, Tonawanda Power Company and the Cataract Power and Con- 
duit Company. 


GENERAL ELECTRIC PROPOSALS FOR ELECTRIC PLANT IN 
POWER-HOUSES NUMBERS TWO AND THREE 


The General Electric Company’s first offers were not successful, but its 
designs for the equipment of Power-house Number Two resulted in the com- 
pany’s receiving a contract to furnish the complete equipment of eleven gen- 
erators of 5000 horse-power each. The General Electric Company also de- 
signed and constructed five alternators of 10,000 horse-power each for the 
Canadian plant of The Niagara Falls Power Company, with the result that 
what had been known as the Edison or General Electric Company provided 
about one-half of the entire alternating-current installations made in the three 
power-houses of The Niagara Falls Power Company. 

‘These innovations in power-house generation and long-distance transmis- 
sion and distribution, as well as somewhat similar experiences abroad among 
electrical manufacturers of transformers and motors, resulted in a change of 
public sentiment regarding the alternating current, and in convincing elec- 
trical engineers of the practicability of its control and use without the peril 
that was anticipated when the alternating current was first proposed for 
practical use. 

Mr. Edison naturally was cognizant of these developments and gave much 
attention to this branch of the electrical art. He became familiar with the 
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laboratory studies of the new company’s scientists and profited by their suc- 
cessful response to the hydro-electric demands upon the manufacturers of 
electrical machinery in this country. 

In the same broad-minded spirit that Lord Kelvin had shown when he 
promptly applauded the success of the Niagara enterprise with the alternating 
current, and that George Westinghouse early manifested in his frank admis- 
sion in his competition with his system of alternating current as later de- 
veloped for power transmission, Thomas A. Edison, the survivor of the three 
great leaders, long since recognized that the development of the alternating 
current for conveying power to central stations for distribution, has been a 
major influence during the past thirty years in the astonishing growth of the 
art of transmitting and using electric currents for light and power, 


Postrive DiscHarcE FROM InpucTION CoiL 
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of facts and principles, and the art to reduce them to 
novel and concrete combinations. 
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ELECTRICAL VS. OTHER METHODS OF POWER DISTRIBUTION 


HE choice of the system to be adopted for the distribution of power devel- 
oped by the hydraulic turbines was the principal question before the di- 
rectors of ‘The Cataract Construction Company in 1890. 

Mechanical drives by shaft, belt and cable were dismissed, after careful 
investigations, as inadequate for the quantity of power and the distance of 
transmission in contemplation. 

Examinations of compressed air systems in use in England, France and 
America were critically studied by the company’s officials, while the projects 
were in preparation for the International Niagara Commission. These ex- 
aminations and conferences with the engineering advocates of the systems 
modified the favorable impressions first made. 

Water under pressure was used in Europe to a limited degree and hardly 
at all in the United States. It was thought by some to be promising, mainly 
because this system, like compressed air, was simpler and better understood 
than electricity as a means for the transmission of power. Such installations 
also were examined. Both air and water projects were submitted to the Inter- 
national Niagara Commission in February, 1891, but neither received much 
favor. 

THE ELECTRICAL SITUATION 

The status of electric lighting and power in the early nineties, which has 
been presented in the preceding pages gives the background for appreciation 
of the problems which confronted those who were then dealing with the Ni- 
agara power development. 

The situation regarding electrical transmission early in 1891 was presented 
in the final paragraphs of the report of the International Niagara Commission 
in these conclusions: 

The general opinion of the commission was in favor of the adoption of electrical 
methods as the chief means of distributing the power, though perhaps not as the only 
means. In the selection of electrical methods they were not convinced of the advisability 


of departing from the older and better understood methods of continuous currents in 
favor of adoption of methods of alternating currents. 


It will be recalled that of the eight projects presented to the commission for 
power transmission, only. four proposed electrical methods. ‘Two of them 
advocated direct current and two alternating current, and of the latter, one 
recommended single-phase and one polyphase. Hence the question regarding 
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which electrical system to adopt was vitally involved in the decision as to 
whether electrical or other methods should be adopted. 

A careful consideration of the views, expressed in February, 1891, at the 
conferences in London of the International Niagara Commission with engi- 
heers presenting their electrical projects in competition for Niagara prizes 
and premiums, created the impression that representatives of the younger 
generation of engineers advocated the use of alternating current for long- 
distance power transmission. On the other hand the physicists and older sci- 
entists declined to recognize the polyphase alternating current, as available 
for use in the proposed plant at Niagara Falls for the distribution of its power. 

Opposition to the use of alternating current was led in England by Lord 
Kelvin, and in the United States by Thomas A. Edison. The latter was then 
the leading advocate of direct current, the designer and manufacturer of in- 
candescent lamps and of a system of distribution of direct current mainly for 
incandescent lighting. Lord Kelvin and Mr. Edison were supported gener- 
ally by the constructing engineers of their respective countries, who were 
more familiar with the direct current, then extensively employed by them in 
electrical installations, chiefly for lighting purposes. 

George Westinghouse then advised that the alternating system was the 
only economical and practical system for the Niagara project. 

S. Z. de Ferranti, an English electrical engineer of London, was an ardent 
advocate of the alternating-current system, which he was actively engaged in 
establishing for the London Electric Supply Company, Limited. A generating 
station at Deptford, located on the bank of the Thames River, supplied cur- 
rent for transmission by cables about seven miles to a sub-station in the heart 
of that city for incandescent lighting. Mr. Ferranti and several other English 
electrical engineers were invited to submit plans to the International Niagara 
Commission, but did not avail themselves of the opportunity. 

Prof. George Forbes, of London, well known as a consulting electrical en- 
gineer, who was frequently called upon to give expert evidence in electrical 
litigation and other such affairs, was one of the few persistent promoters of the 
alternating current for electric lighting and power. 

There were two notable exceptions to the views of Lord Kelvin and 
Mr. Edison among foreign constructing engineers, Dolivo Dobrowolski, of 
Berlin, and C. FE. L. Brown of Zurich, Switzerland, both of whom had de- 
signed and manufactured alternating apparatus including the equipment for 
the experiment of power transmission by the alternating current from the 
generating station at Lauffen-on-Neckar, to the exposition at Frankfort more 
than 100 miles away. 


EVOLUTION OF ELECTRIC SYSTEM 


John W. Lieb, technical director of the Italian Edison Company, then resi- 
dent in Milan since 1882, was one of the best informed American engineers 
respecting the development of the alternating current in Europe, having 
taken an active part in its introduction since 1886. 

He participated in the tests of the Gaulard and Gibbs transformer at the 
Turin Exposition in 1884. He was acquainted with Professor Mengarini and 
his single-phase alternating-current transmission from Tivoli to Rome, in- 
stalled about 1890, and was familiar with the alternating-current work of Ganz 
& Company, of Budapest, Hungary, who built the plant. As the Italian Edison 
Company represented Ganz & Company in Italy, many alternating-current 
plants throughout Italy were eventually installed under his direction. 


PROVISION FOR ELECTRICAL AND COMPRESSED AIR SYSTEMS 


How the investigation of the Evershed tunnel project, which initially con- 
templated many mills driven by individual wheels discharging through a 
common tunnel, led to the conclusion that there should be a central power 
station from which power should be transmitted for use both locally and at 
Buffalo and elsewhere has been related in earlier chapters. The desirability 
of such a plan was first indicated in the invitations issued in June, 1890, for 
projects to be considered by the International Niagara Commission but no 
formal decision had been reached. 

The promising aspect of electrical methods of transmission and the con- 
sideration given by the commission to the use of compressed air for power 
transmission, largely owing to the character of the hydro-pneumatic projects 
submitted by prominent engineers of America, England, France and Ger- 
many, prompted The Cataract Construction Company to instruct its board of 
engineers to provide in its plan’ of the inlet-canal, for two power-houses, one 
on each side of the canal, each for 50,000 horse-power to be developed by 
turbines in each case, but to be distributed in one case by electricity and in the 
other possibly by compressed air. The original and successful work by George 
Westinghouse in the application of compressed air to useful purposes, which 
he stated in 1889 should be considered for local uses at Niagara as well as for 
transmission to Buffalo, as the only system then available and which he would 
undertake to install successfully, seemed to justify the provision, tentatively 
made, for the installation of hydraulic prime movers suitable for driving 
either electric generators or air compressors; thus giving flexibility to the 
power-plant in its adaptation to the special requirements of the prospective 
users of Niagara power as they appeared. 

1 See Plan Number IX, Chapter XVII, page 16, Volume II. 
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During this period very rapid progress was being made in the development 
of electrical machinery for the production of alternating currents, their trans- 
mission to distant points and their control in distribution and use for power 
and light. 

These advances in the electrical science and the art of its application in- 
creased the favorable impression received from the studies made both before 
and after the services of the International Niagara Commission and prepared 
the management of The Cataract Construction Company to proceed with the 
electrical side of its enterprise, awaiting further developments in the use of 
compressed air, while devoting the attention of its engineers to Power-house 
Number One and its hydro-electric equipment. 


ADOPTION OF CENTRAL POWER STATION 


The decision of The Cataract Construction Company on December 14, 1891, 
to adopt a central station for the generation and distribution of electrical 
energy for lighting and power purposes, locally and for transmission to 
Buffalo, excited public comment and private preparation. 

Here was a corporation 


1. with a comprehensive and favorable special charter from the State 


of New York; 


2. openly declaring important results of its intensive examination 
of the Niagara problem, with the assistance of numerous engi- 
neers of those esteemed and distinguished as of the leading 
scientists of the world; 


3. with a list of influential and experienced financiers as stock- 
holders seldom associated in an enterprise of this character; 


4. with a subscribed capital and resources comparative in relative 
magnitude to the Great Falls themselves; 


5. already seriously engaged in the construction of discharge tun- 
nels, wheel-pit slot and inlet-canal, as the first section of a 
hydraulic plant of power development of over 200,000 horse- 
power, with an estimated earning capacity of not less than 
$4,000,000 gross per annum and a probable capital expenditure 
of more than $20,000,000; 


6. proposing to generate power in a central station and distribute 
it for sale on a scale unprecedented, and to adopt electricity for 
this purpose requiring a performance far exceeding anything 
that was possible with apparatus then in existence. 


EVOLUTION OF ELECTRIC SYSTEM 
INVITATIONS FOR PLANS AND ESTIMATES 


The invitations for proposal of electrical equipment were extended only to 
those organizations that had given evidence of having, or of organizing, a. 
scientific staff competent to design such novel machines as were required, and 
of ample facilities for their construction. The letters of invitation were as 
follows: 


New York, December 14, 1891. 


Electrical Transmission for Local Purposes 
Gentlemen: 


The board of directors of this company has decided to establish, in connection with 
the hydraulic works of The Niagara Falls Power Company at Niagara Falls, N. Y., a 
central station for generation and distribution of electrical energy for lighting and 
power purposes, locally as hereinafter indicated. 

To that end, in behalf of the power company, we invite from you plans and estimates 
for an electrical installation to be located upon the main canal of that company directly 
over its turbine wheels (the dynamos to be operated by such turbines), and with an initial 
capacity of, say, preferably 2500 horse-power each. The power of the turbines will be 
carried from the wheels to the surface of the ground by vertical shafts. It is for the tops 
of these vertical shafts that your connections must be indicated to operate the units of 
electrical distribution, based upon the following present requirements. 

For municipal buildings and street lighting within two miles of the central station— 


100 arc lights 
100 incandescent lights 


For street railway purposes, to be delivered on the trolley within 500 feet of the cen- 
tral station—3800 horse-power. 

For manufacturing purposes in units delivered to consumers from 25 horse-power to 
300 horse-power, within two miles from the central station. 

Any estimate should include the furnishing of the central station with the necessary 
electrical apparatus complete, taking into consideration the possible future extension on 
the same lines; but no estimate need be made on wiring for the municipal lighting, the 
requirements above being given simply as a possible aid in the choice of the most con- 
venient units of the efficiency required. The estimate should, however, include the wiring 
for transmitting the electricity to the motors used in manufacturing establishments. 
It should also give the kind of motor deemed most effective for the best utilization of 
transmitted power with the assumed efficiency of the motors, as well as the character of 
the internal house wiring recommended or required by the system as to safety to life and 
fire risks. 

It may be assumed that the hydraulic work of the power company will be in operation 
in the early autumn of next year, and the electrical installation should be in place and 
ready to receive the power at that time. 
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All estimates should include superintendence of erection and guarantees of efficiency, 
as follows: 


(1) Guarantee of the mechanical efficiency of the whole plant, with deductions in the 
price to be paid, for each per cent of efficiency guaranteed but not attained ; 


(2) of permanency of operation, stating the allowance that will have to be made, 
during the first year of operation, for avoidable repairs and attendance ; 


(3) stating the reserve plant that must be installed, to insure continuous operation 
for one year. 


Plans should state the number of revolutions required on the turbine shaft for the 
operation of the dynamos. 
In conclusion, we beg to say that we shall be glad to furnish more detailed information 
upon application at this office. 
Very truly yours, 
THE CATARACT CONSTRUCTION COMPANY 
By 


Epwarp D. Apams 
President 


These letters of invitations were sent to the following named designers and 
manufacturers of electrical machinery in the 


UnitTED STATES and SWITZERLAND 
Edison General Electric Company Brown, Boveri & Company 
New York Baden 
Thomson-Houston Electric Company Cie. de ?Industrie Electrique 
Boston Geneva 
Westinghouse Electric and Manu- Maschinenfabrik Oerlikon 
facturing Company Zurich 
Pittsburgh 


The Edison and the Thomson-Houston companies later were merged into 
the General Electric Company. 

It is to be noted that the foregoing letter makes no reference to direct cur- 
rent or alternating current or to the voltage but that these matters as well as 
the speed are left for recommendation by the bidders. The capacity also is 
not definitely assigned, but the generators are to be, “say, preferably 2500 
horse-power each.” Furthermore only “present requirements” for “local pur- 


poses” are considered. 
CONSULTING ENGINEERS 


Karly in the year 1892 satisfactory progress had been made in the construc- 
tion of the several important elements constituting the hydraulic system of 
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the company. The tunnel headings had met, and the work of tunnel lining 
was approaching closely to the work of tunnel excavation; the inlet-canal and 
the wheel-pit slot had been under construction for about six months, with 
satisfactory results; turbine plans had been adopted; preliminary agreements 
had been made concerning the Buffalo transmission, and designs for the elec- 
trical machinery therefor had been received from the Oerlikon Company. 

The company’s officers considered themselves fortunate in having again 
secured for this serious investigation the services of Prof. Henry A. Rowland, 
of the Johns Hopkins University of Baltimore, who was then recognized as 
the leading physicist of this country. He had already reported on the state of 
the art of electrical transmission at the request of the financial group in 1889- 
1890. In 1890, Professor Rowland visited Europe for conference with his 
scientific friends on the control of the alternating current, its economical gen- 
eration, transmission, transformation and distribution for use as power at 
distant points. 

A year after the International Niagara Commission had disbanded, in an- 
ticipation of the proposals expected, and in response to the letter of invitation 
of December 14, 1891, The Cataract Construction Company sought the 
services of Kuropean electro-technical advisers with practical experience in 
design and construction and who were entirely independent of any private in- 
terest in the electrical manufacturing business, here or abroad. 

After a careful investigation of his experience and ability Prof. George 
Forbes, F.R.S., of England, was retained in April, 1892, as consulting elec- 
trical engineer in addition to Professor Rowland, for scientific counsel in 
electrical subjects, and supplemental to the mechanical, hydraulic and civil 
engineers of Europe and this country already occupied in the solution of the 
great and unique problem The Cataract Construction Company had under- 
taken to solve. 

Professor Forbes was qualified to judge of electrical design and construc- 
tion by his personal experience in machine design and shop practise. In 1881- 
1882 he devoted himself, as the chief executive officer of the British Electric 
Light Company, to the construction of the Gramme and other forms of dy- 
namos. A multipolar type of his design was exhibited at the Electrical Ex- 
hibition in Philadelphia in 1884, where, under careful tests, it was reported to 
have been operated with an exceptionally high efficiency. 

His familiarity with electrical machine construction in many countries and 
his facility of mathematical determination of mechanical and electrical design, 
gave him special qualifications to serve The Cataract Construction Company, 
in 1892-1895, as its electrical consulting engineer. 
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The engagement of Professor Forbes specifically provided for the ex- 
amination of plans received for the local electrical installation at Niagara and 
for the Buffalo electrical transmission. He was also to advise the company 
in regard thereto and upon other electrical matters. In the extension of his 
contract, it was agreed that Professor Forbes should devote his time to the 
interest of the company and spend at least six months of each year in the 
United States. | 

Professor Forbes had presented to the International Niagara Commission 
a project, for the electrical part only, of a system of generation with both local 
and distant distribution of electrical energy for light and power, by polyphase 
alternating current, generated at 2000 volts, and transmitted, after conver- 
sion, at 10,000 volts, with subsequent transformation to a lower pressure in 
Buffalo for local uses. A premium for this project for distributing power was 
awarded to him by the commission in February, 1891. 

The secretary’s records’ of the scheme presented by Professor Forbes to 
the International Niagara Commission state that “the project is accompanied 
by an extremely full and careful memoir, in which the conditions of economical 
distribution by electricity are discussed. There is also a very detailed estimate 
of the cost of distribution by the plans proposed.” The commission also author- 
ized the statement that they were not convinced that the reasons given by 
Professor Forbes for an alternating current, in preference to a continuous cur- 
rent system, were sufficient to establish his case. 

In his personal explanations before the commission, Professor Forbes 
stated: 


Of course, in this plan I have had one object before me, to produce designs of the ar- 
rangement that seems to be best of those which are absolutely certain to succeed. I have 
not wished to put into this plan anything which should be experimental. I wished to deal 
simply with types of machines as we have them at present and of which we are absolutely 
certain as to the action, and at the same time I would say that if this scheme is adopted 
I would strongly urge carrying on (simultaneously with the progression of the work 
according to these lines) certain experimental work which might lead and probably 
would lead to better results. But I do not wish in my report as to this scheme to put 
down anything which would not be quite certain. 

I have put down only apparatus which we have thoroughly tested and which is on the 
market and I should like just incidentally to remark that, in making the selection of this, 
of course, as I suppose every member of the commission is aware, I am in a perfectly 
independent position, utterly unbiased in favor of any one maker or scheme. I have ab- 
solutely no interest either financially or from opinions already expressed in connection 
with the subject. 


‘See Appendix E, Volume I. 
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RESPONSE TO INVITATIONS FOR DESIGN 


At the end of nine months, September, 1892, only the foreign companies 
had replied to the invitation, by submitting designs and estimates. The Oerli- - 
kon and the Brown, Boveri companies submitted several projects for an 
alternating system; and the Geneva company one for a continuous current 
system for local purposes. A little later, the General Electric Company pre- 
sented a plan for a direct-current 2500 horse-power machine for local distri- 
bution, and subsequently one plan for an alternating and a direct-current 
machine, each of 2500 horse-power on the shaft of each turbine, and later a 
completed plan for a 5000 horse-power alternating machine to be used for 
both local and long-distance purposes. 

The foreign companies had the greater experience in long-distance trans- 
mission. Professor Forbes preferred the plan presented by the Oerlikon 
Company to any of the other designs submitted. The foreign designs were, 
however, not very dissimilar in general character from the plans finally pre- 
sented by the American companies. When to the cost of foreign machinery, 
40 per cent duty and 10 per cent freight were added, the American machinery 
was very much cheaper. This, and the fact that none of the foreign companies 
would give satisfactory guarantees against patent suits, may be said to have 
removed the foreign manufacturers from the competition. 

The way was left open, however, for the acquiring of electrical machines 
from foreign manufacturers until it was clear that satisfactory contracts could 
be made with an American company. In the matter of turbines it was found 
best to secure foreign designs and then have the turbines made in America. 
But it was not at first evident what course would be advisable with regard to 
the electrical apparatus. It was pointed out that the General Electric Com- 
pany had been the exponent of the advantages of direct-current machinery 
and that its manufacture had, up to that period, been practically limited to 
that type of apparatus and it had, therefore, but little experience in the alter- 
nating-current field. Hence the Westinghouse Company was the only large 
company in America of experience with the alternating system. The possi- 
bility of foreign competition was therefore not abandoned until there was 
ample assurance that it was not needed. 

Nothing was heard from the Westinghouse Company until December, 1892, 
when it announced the preparation of the completed plan for the Niagara 
work, illustrative machines in operation, and a readiness to submit definite 
proposals. George Westinghouse, the master of compressed air for power 
purposes, who in 1889 offered to design and install such a system for the trans- 
mission of Niagara power to Buffalo, which he then advised the cataract 
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company to adopt as the only system then available, now changed his recom- 
mendation to the polyphase electrical system, so rapid was the advance in the 
electrical art. 

The officers of The Cataract Construction Company, accompanied by their 
expert advisers, made visits to the factories of both American companies—to 
that of the Westinghouse Company at Pittsburgh in January, 1893; and in 
February, 1893, to the General Electric Company’s factories at Schenectady 
and Lynn. Plans for the Niagara installation were shown, typical machines in 
operation were exhibited, and tests were made by the expert advisers of the 
cataract company. Both companies had every facility for acquainting them- 
selves with the requirements of the Niagara plant and the benefit of the 
criticism and suggestions of the company’s technical advisers. 

In March, 1893, both American companies submitted their complete plans 
and proposals, each covering 


Three 5000 horse-power alternating-current generators, to be placed 
on the shafts of the three turbines already ordered. 


Transformers to step-up the generated current to a high voltage for 
economical transmission. 


A bare copper wire line on poles. 

Step-down transformers at the Buffalo end. 

The station safety and switching appliances. 

Rotary converters, to change alternating to direct current. 


Motors for the use of power tenants. 


Each of the expert advisers for the cataract company rendered elaborate 
reports upon each of the designs submitted; Dr. Sellers, the dean of American 
mechanical engineers, giving particular attention to the mechanical features, 
Professor Rowland, the renowned physicist, and Professor Forbes, the con- 
structive electrical engineer, reporting upon the electrical efficiency and the 
state of the engineering arts employed. 

Both American companies planned alternating-current polyphase gener- 
ators; the Westinghouse Company submitting a design of a two-phase system, 
the General Electric Company of a three-phase system. 

Professor Rowland and Dr. Sellers preferred the mechanical design of the 
Westinghouse Company to that of the General Electric Company and com- 
plimented its superior excellence. Professor Forbes preferred the two-phase 
system of the Westinghouse design instead of the three-phase proposed by 
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the General Electric Company, and stated that the methods proposed by the 
two American companies were generally identical, with the exception of the 
difference in phases. 

After a careful analysis of the designs submitted and with the approval of 
its scientific staff the cataract company declined all proposals and proceeded 
under the guidance of Professor Forbes in the preparation of the plans and 
designs for a new type of generator. 


THE FORBES DESIGN OF GENERATOR 


During the period between December 14, 1891, when letters were first 
issued inviting the submission of designs and proposals to manufacture elec- 
trical machinery suitable for the Niagara requirements, and the receipt of 
plans from the electric companies in March, 1893, Professor Forbes had sug- 
gested a design for the proposed generators that differed from the design he 
submitted to the International Niagara Commission in January, 1891, and 
that appeared suitable, although somewhat radical, for operation as a single 
unit, with the hydraulic machinery under construction, and that promised 
an increase in hydro-electric efficiency with decreased costs. 

The delay of the proposers in submitting their completed plans had 
prompted the management of the cataract company to encourage Professor 
Forbes to develop his ideas so that the company would be prepared with a 
design of its own, should those to be submitted by the bidders under the invita- 
tion of December 14, 1891, not prove satisfactory to the expert advisers of 
the cataract company. 

Professor Forbes stated to the officers of the company that he was not 
satisfied with any of the designs presented, because none of them fulfilled the 
conditions imposed by the designers of the turbine already constructed for use 
at Niagara, without which features in the generator the speed of the turbines 
could not be regulated. As he advised that it was advantageous to install gen- 
erators in which 

the field magnets are external to, and revolve instead of, the armature; 

the frequency is not over 167% periods per second; and the working 
current is generated at low voltage, but can, experimentally at 
least, be generated at a voltage sufficiently high for economical 
transmission on the line, without step-up transformers. 


With this in view he had designed a machine of which working drawings were 
then being prepared, not, however, with the object of forcing special details 
of construction and winding upon any manufacturers, but only with the object 
of showing them that a dynamo constructed upon these lines would meet all 
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requirements, could be manufactured much more cheaply than any of those 
proposed, could be readily built by either of the American electrical com- 
panies, and was of such simple construction that the majority of its parts could 
be made by any large mechanical works like those of the I. P. Morris 
Company, of Philadelphia, where the turbines were then in progress of 
construction. 

The mechanical design proposed that the vertical shaft should drive a great 
steel ring by means of a conical “driver” having the general shape of an um- 
brella supporting the ring at its outer circumference. The field poles were 
within the ring, projecting radially towards the surface of the stationary 
cylindrical armature. Only by this design could the required angular mo- 
mentum be obtained from the limited weight allowable. 

It should be noted that there was a remonstrance made by the electrical 
engineers and manufacturers against the adoption of the Forbes design using 
the revolving external field magnets and the two-phase alternating current at 
high voltage and only seventeen periods per second. 


SPECIAL TYPE OF GENERATOR APPROVED 


Lewis B. Stillwell, because of his experience in connection with the final 
design and construction of the first Niagara machines, as chief electrical engi- 
neer of the Westinghouse Company, and of his subsequent responsibility in 
charge of the operation and maintenance of the ten machines, as electrical 
director of the Niagara company, was considered especially competent to 
give an authentic opinion of dynamo designs and performances. 

Mr. Stillwell has stated in recent years that the fundamental conception of 
the design of the first Niagara alternators that were shown at Niagara Falls in 
the latter part of August, 1893, and there explained in detail to the attending 
competitors, by the engineers of The Cataract Construction Company, was 
due to Prof. George Forbes. 

He has also expressed the opinion, as regards the construction of the first 
generators installed by the power company, that the machines actually in- 
stalled were greatly superior to those originally offered by the Westinghouse 
Company early in 1893, and for this superiority the engineers of the power 
company are entitled to much credit. 

The type of the machine in its general mechanical features was that pro- 
posed by the engineers of The Cataract Construction Company and fully 
described by Prof. George Forbes in his paper read November, 1893, before 
the British Institution of Electrical Engineers. 
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NEW PROPOSALS INVITED 


Believing that the company was well informed regarding the latest experi- 
ence abroad and in this country, and having confidence in its staff of con- 
sulting engineers, proposals were invited for the construction of three 


Pror. Grorcr Fores 


explaining to a group of engineers who visited Niagara Falls when en route from the 
Chicago Exposition, in 1893, his design for a 5000 horse-power alternator 
for The Cataract Construction Company » 


1. Frank James, District Superintendent of San Francisco Western Union Telegraph 
Company, 

2. Sir Wm. Preece, F.R.S., Head of the British Post Office Telegraph, 

3. Lord Moulton, F.R.S., Judicial Lord, 

4. Col. Robert C. Clowry, General Superintendent at Chicago, Later President and 
General Manager, Western Union Telegraph Company, 

5. Lieut. A. J. Saltren-Willett. RBs 

6. Prof. George Forbes, F.R.S., 

7. Colonel Holden, R.E., Sometime Head of Woolwich Arsenal, 

8. Major Bagallay, R.B. 
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dynamos of the Forbes “umbrella” type of 5000 horse-power each, with the 
necessary auxiliary apparatus. The formal invitation for bids was issued to 
the two American constructors, the General Electric Company and the West- 
inghouse Electric and Manufacturing Company, in letters of invitation read- 
ing as follows: 

New York, August 10, 1893. 
Gentlemen: 

The preliminary design of the generator adapted to the electrical system deemed most 
advantageous in our case is now sufficiently elaborated to enable us to present the entire 
scheme for your careful consideration, and in such form as will enable you to make 
tenders for what you require. 

That you may fully understand what we want, we desire that you send to Niagara 
Falls at your earliest convenience on or after the 14th inst., a competent representative 
or representatives to receive explanations, and be furnished then with the necessary 
drawings and documents to enable you to make an intelligent study of this subject. 
Professor Forbes and Dr. Sellers will be at Niagara for the purpose of consultation in re- 
gard to the electrical and mechanical features of the design. Our reason for not furnish- 
ing and transmitting to you complete working drawings upon which you could bid is that 
you may be able to modify the design to adapt it to your machine tool and your mode 
of manufacture. Any alterations that you may propose in the design will be carefully 
considered, and if acceptable, will be appreciated in awarding the contract. We desire 
your offer to be accompanied by guarantee as to quality of workmanship and efficiency 
of operation. Time of completion and installation will be considered an important factor 
in award of contract. 

Very truly yours, 
THE CATARACT CONSTRUCTION COMPANY 
by Edward Dean Adams 


President 


ALTERNATING CURRENT OFFICIALLY ADOPTED 


The cataract company, now for the first time, specified the alternating- 
current system. The long controversy between the direct and alternating 
current systems had been officially terminated by action of the directors of the 
cataract company on May 6, 1893, which is one of the red letter days in the 
history of The Niagara Falls Power Company and of the electrical industry 
as well. Many references to the “AC-DC” controversy and the claims made 
for the two systems have been recounted in other chapters. ) 

As there had been a difference of opinion on the part of consulting engineers 
of The Cataract Construction Company as to the relative commerical value 
of the direct and the alternating current systems and as demonstrations were 
rapidly removing objections to the alternating current, the determination of 
the type of current to be generated was left until the last moment in order to 
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have the guidance of the latest foreign and home experience. In the meantime 
The Cataract Construction Company proceeded with the preparation of its 
plans for hydraulic turbines, with units of at least 5000 horse-power, ex- 
pecting, when the main electrical questions involved were determined, to call 
for proposals for the construction of electrical generators of similar speed and 
power, to be combined directly with the hydraulic turbines as single units on 
single perpendicular shafts. 

T'wo years, 1891-1893, intervened between the issuing of the report of the 
International Niagara Commission and the official adoption of polyphase 
alternating-current apparatus. The success of the Frankfort-Lauffen trans- 
mission and the larger number of alternating plants for lighting and power 
designed and installed by Swiss engineers justified their earlier predictions 
by an era of progressive achievement. 

In the United States the newly formed General Electric Company changed 
from opposition to advocacy and took up actively the production of alterna- 
ting-current apparatus. There was continued extension of plants of this type 
for lighting, both in their number and their size. The successful operation of 
the Westinghouse 4000-volt transmission system for hghting at Portland, 
Oregon, and of 3000 volts for power at Telluride, and of 10,000 volts for 
hghting in southern California were all important steps in establishing con- 
fidence in the dependability of electrical operation and the capability of the 
alternating current. The letting of the contract for lighting the World’s 
Columbian Exposition at Chicago, by alternating current after an intensely 
active competition, and at a price approximately a million dollars less (on a 
total of about five million dollars) than the proposal for a direct-current 
system gave alternating current new recognition as this was the largest elec- 
trical installation ever undertaken. The polyphase exhibit at the fair, a 
miniature of the system which Westinghouse planned for Niagara, has been 
described in the preceding chapter, page 193. 

The formal decision in favor of alternating current by The Cataract Con- 
struttion Company and the opening of the World’s Fair occurred in the same 
month, May, 1893. 

Although alternating current had few advocates in 1890, the three technical 
advisers of the company finally united in recommending the alternating-cur- 
rent system. Professor Forbes for some years had consistently recommended 
it; Professor Rowland, when first retained in 1889, advocated the continuous 
current system, but after thorough study of the matter and practical demon- 
strations, united with Professor Forbes in its recommendation and Dr. Sellers 
recommended it for its economy and utility for the company’s purposes, 
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The outstanding and persistent advocate of direct current among those 
who were associated with the Niagara enterprise was Lord Kelvin. On May 1, 
1893, he cabled: 


Trust you avoid gigantic mistake of adoption alternating current. 


The interesting story of his change of attitude expressed when visiting the 
plant after several years of operation is told elsewhere. 


PHASES: TWO OR THREE / 


The selection of the polyphase system made necessary a choice between the 
two-phase and three-phase circuits. While in a general sense they were 
equivalent, the characteristics of each fitted it to meet certain conditions better 
than the other. There was little experience to serve as precedent and one or 
the other was advocated depending upon the particular experience of the ad- 
viser or the relative importance assigned to the several requirements which it 
was assumed the new plant would be called upon to meet. 

The Westinghouse Company proposed two-phase generators. The Gen- 
eral Electric Company recommended three-phase, but stated that they would 
supply two-phase apparatus if it were specified. 

Of the company’s technical advisers, Professor Forbes and Dr. Sellers 
strongly favored the use of the two-phase system, while Professor Rowland, 
in his final report, stated that the advantages and the disadvantages of the 
two systems (two and three-phase) seemed about equal. Professor Forbes 
reported that on the whole he had a decided preference for the two-phase 
system, although he was quite aware that the Niagara company should also 
be able to work either on the three-phase or the single-phase system. 

The counsel of other than the company’s regular expert advisers gave 
a weight of authority in favor of the two-phase system. Confirming the advice 
of Professor Forbes and Dr. Sellers in this regard were Nikola Tesla, whose 
induction motor represented his preference for alternating current; Colonel 
Turrettini, who cabled: 


In my opinion two-phase system unites all advantages of the three-phase and renders 
dynamos more simple 


and Dr. J. A Fleming, who cabled: 


Prefer two-phase 


and wrote, March 26, 1893: 


I consider your commercial necessities will best be met at the place of consumption by 
distributing a direct current on a three-wire system which is derived from two-phase 
motor generators which are driven by a two-phase current supplied from the distant 
generators. 

1 Chapter XXVII. 
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Dr. J. Hopkinson, F. R. S., of London, though from a theoretical point of 
view preferring the three-phase to the two-phase, stated as his conclusion that 
there was not very great advantage in either of these systems over the other, 
“certainly no such advantage as would induce me, in dealing with a capable 
and responsible contractor, to thrust the one system upon him if he had a 
strong preference for the other.” 

The Oerlikon Company, of Switzerland, with their wide experience, favored 
three-phase, but in their project proposed both three-phase and two-phase, 
(and offered to adopt either). 

C. E. L. Brown, of Switzerland, who had large experience in polyphase 
currents, and much to do with the three-phase Frankfort transmission, stated 
his belief that 


In future the two-phase current will take the lead where combined light and power 
distribution is required, while the three-phase current may be used for the simple power 
transmission and distribution. 


The advantages of the two-phase system where there was hghting or other 
single-phase load, together with the probability that there would be consider- 
able single-phase load upon the Niagara plant, led to the adoption of two- 
phase generators. 

PERIODICITY OR CYCLES PER SECOND 

The word “power” in the incorporation title of The Niagara Falls Power 
Company, indicated the purpose of the incorporators, as explained in their 
charter, to develop power for use in manufacturing and transportation at and 
in the vicinity of Niagara Falls and Buffalo, and beyond. 

While light was considered as one form of the proposed electrical power 
development, its use by the 10,000 inhabitants of Niagara was recognized as 
of relatively small importance. 

There was also then but little use for power in Niagara, as there were but 
few industries there, whereas in Buffalo there were 250,000 inhabitants widely 
engaged in manufacturing and who had recently expressed their anxiety for 
Niagara power by offering a cash bonus of $100,000 if it were brought to 
their city. 

In the use of alternating current, it was found that a comparatively low rate 
of alternation or periodicity favored the use of the current in larger motors 
and for the operation of rotary converters for changing alternating current 
into direct current for the operation of street railways and for other special 
purposes. An increase in the number of cycles per second made the current 
less desirable for power purposes although the higher frequencies were more 
suitable for incandescent and are lighting. 
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The Westinghouse Company adopted, in the autumn of 1892, two standard 
frequencies of 60 cycles per second for lighting and 30 cycles per second 
where power in large units and rotary converters were to be used. 

In January, 1893, Dr. Sellers and Professor Rowland tested the effects of 
lower frequencies on lamps, in the works of the Westinghouse Company at 
Pittsburgh, with its engineers. It was reported that at 25 cycles per second 
incandescent lamps did not show objectionable fluctuations but that a further 
lowering of the frequency soon caused objectionable flickering. 

The General Electric Company recommended 41.6 cycles per second, at 
which frequency both arc and incandescent lights were found most satisfactory. 

Professor Forbes, who understood the Niagara company’s desire to equip 
its works for long-distance transmission of power, first expressed a decided 
preference for 81 cycles per second; but in the summer of 1893, when he sub- 
mitted his suggestions to the cataract company’s engineers, and their joint 
dynamo design was shown to intruding bidders at Niagara, it was particularly 


noted that the design provided for a frequency of not over 167% cycles per 
second, this increase in frequency then appearing to him to be necessary for a 
sound mechanical design. 

The board of directors of The Cataract Construction Company had in- 
structed its officers to bring the details of the specifications as close as possible 
to the desires of its technical advisers, combined with sufficiency of guarantees 
from the manufacturers. 

The attitude of the Westinghouse engineers upon the subject of current 
frequency was shown by their assurance to their president, September 27, 
1893: 

As regards frequency, we advise 4000 alternations per minute (3314 cycles per 
second), but will build for 2000 (1624 cycles) provided that no insuperable difficulty 
presents itself when we come to work out the complete plan of the generator. 


The officers of The Cataract Construction Company declined to award the 
contract under such conditions unless the manufacturers guaranteed the effi- 
ciency of operation. 

In the course of the negotiations, there was a dinner conference of the prin- 
cipal representatives of The Cataract Construction Company and of the 
Westinghouse Electric and Manufacturing Company, at the Union League 
Club of New York, in October, at which the details of the proposed contract 
were discussed at length, with the definite result, regarding frequency, that the 
construction company insisted upon 167% cycles and a guarantee of efficiency 
in operation, while the Westinghouse Company expressed an unwillingness 
to give its guarantee upon any frequency less than 30 cycles. 
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Before the diners separated, President Adams of The Cataract Construc- 
tion Company sought a personal conference with Mr. Stillwell, the engineer 
of the Westinghouse Company in charge of the Niagara negotiations, at which 
a question substantially as follows was asked: 


Can the Westinghouse Company build a satisfactory alternator which would deliver 
current at 25 cycles, the efficiency of which would be guaranteed by that company? 


Mr. Stillwell answered, in effect, that, as requested, the subject would be 
carefully reviewed by his company. 

The speed of the hydraulic turbines had already been fixed at 250 revolu- 
tions per minute. Professor Forbes proposed that the generators should have 
8 poles which would produce 2000 alternations per minute, or 1624 cycles per 
second; the Westinghouse Company recommended 16 poles and 4000 alterna- 
tions or 331% cycles, which most nearly approximated the 30 cycles which it 
proposed as a standard as was possible to obtain at a speed of 250 revolutions. 
It was finally agreed that there should be 12 poles and the result was 3000 
alternations or 25 cycles, this being the lowest frequency for which the 
Westinghouse Company would guarantee sound mechanical design. This 
Niagara frequency was soon adopted by many other power plants. 


ACCEPTANCE OF WESTINGHOUSE PROPOSAL 


At a conference between the principal officers of The Cataract Con- 
struction Company, and the Westinghouse Company, early in September, 
Mr. Westinghouse agreed that his company would submit tenders for dy- 
namos embodying such features of the Forbes design as it might deem prac- 
ticable, but with such modifications as the engineers of his company should 
recommend. 

Proposals were received in October, 1893, from the Westinghouse and 
General Electric companies which had been invited to bid on the construction 
of the three alternators incorporating the mechanical features of the Forbes 
design. 

These proposals were referred to the company’s advisers for examination 
and recommendation for action. 

Dr. Sellers and Professor Rowland preferred the design of the Westing- 
house machine on account of its mechanical excellence; they agreed in con- 
sidering the machinery turned out at the Westinghouse Company’s works as 
superior to that made at the General Electric Company’s works. Professor 
Forbes considered the machinery turned out at the Westinghouse Company 
to be of superior quality. 
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The report of the engineering experts was as follows: 


New York, October, 6, 1893. 
To the Board of Directors 
of The Cataract Construction Company 


Gentlemen: 


We have had before us the various bids and propositions for our first generators. 

We have aimed at securing a machine as far in the front ranks of practical electrical 
development as is consistent with the commercial considerations which ought to guide the 
enterprise combined with such a guarantee from the manufacturers as shall certainly 
secure efficiency of operation. 

As a result of our deliberations we have come to the conclusion that out of the various 
bids which have been submitted to us your interest will best be served by accepting the 
offer of the Westinghouse Electric and Manufacturing Company, and instructing your 
officers to bring the details of the specifications as close as possible to the desires of your 
technical advisers combined with sufficiency of guarantee from the manufacturers. 


We have the honor to remain, Gentlemen, : 
Your obedient servants 


Grorce Forses 
CoLEMAN SELLERS 
Tu. TurReEtTrTIini 
DeCourcy May 


Professor Forbes stated in part, in reply to inquiries by the directors of the 
company, in session, October 12, 1893, 
that he had been visited at Niagara by representatives of the different electrical and 
other companies and that equal facilities for examination and explanation of his design 
and of the purposes of the company had been afforded to the representatives of each of 
the companies referred to. 

The directors adopted the recommendation of the company’s technical ad- 
visers, and authorized the officers to contract with the Westinghouse Electric 
and Manufacturing Company for three dynamos of 5000 horse-power each, 
under a contract in form, and containing guarantees, satisfactory to the legal 
and technical advisers of the company. 


PATENTS 


The cataract company management appreciated that if a foreign design 
should be selected for the manufacture of the Niagara electrical machinery, 
The Niagara Falls Power Company would be subjected to attack by 
American companies for infringement of their patents. It had been ascer- 
tained by refusals that none of the foreign manufacturers were willing to give 
proper guarantees in regard to infringements of United States patents. In 
order to take all precautions from expert advisers in regard to the patent 
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situation affecting generators, Frederick H. Betts, an expert patent lawyer 
of New York, was consulted and submitted a report on the specific questions 
asked, under date of March 11, 1893, writing as follows: 


In my opinion the claims of Mr. Bradley (General Electric Company) are of such a 
character, and the claims of Mr. Tesla (Westinghouse Electric Company) are of such 
a character that, in the purchase or use of alternating current, multiphase generators 
and motors from the owners of either of those patents, you are almost certain to be 
brought into conflict with the claims of the owners of the other patents. It is difficult to 
see any escape from this probable position. . . . In the construction, purchase or use 
of apparatus of these classes, you must, therefore, protect yourselves, as far as possible, 
by strong guarantees on the part of the parties dealing with you. 


After reading Mr. Betts’ report and referring to the converters proposed 
by the General Electric and Westinghouse companies for changing the alter- 
nating current to the direct current, Professor Forbes states: 


With regard to the patent question, I may say that so far as I have been able to ex- 
amine the position up to the present, it seems probable that the General Electric Com- 
pany cannot supply us with this machinery (A.C.-D.C. commutator) without infringing 
the Tesla patents owned by the Westinghouse Company, and that the Westinghouse 
Company cannot supply us with this machinery without infringing the patent of Elihu 
Thomson for an induction armature owned by the General Electric Company. 


Among the patent plates upon the generators, a number bear the names 
of George Forbes, May 1, 1894, and Coleman Sellers, June 5, 1894, one 


patent each. 
GUARANTEES 


The following is a condensed statement of guarantees given by the West- 
inghouse Electric and Manufacturing Company in its contract for dynamos 
of October 26, 1893: 


An output of 5000 electrical horse-power at an effective potential of from 2000 to 
2400 volts when driven at a speed of 250 revolutions per minute; the maximum rise of 
temperature to which the insulation of armature or fields shall be subjected, not to exceed 
forty (40) degrees Centigrade above the temperature of the surrounding air; generators 
to be interchangeable; the total electric and magnetic losses in each generator not to 
exceed 214 per cent of its rated output; the field magnet ring to be of forged nickel 
steel without weld, and to have a tensile strength of 75,000 pounds per square inch and 
not less than 25 per cent elongation in a specimen 2 inches long between measuring 
points and 14 inch in diameter ; the efficiency of transformers under full load to exceed 
9714 per cent; the maximum rise of temperature of the oil above the temperature of the 
surrounding air not to exceed 80 degrees Centigrade; the efficiency of the two-phase 
motors of the synchronous type and of the alternating-current motors of the rotary 
field type, to be approximately equal to the efficiency of the direct-current motors of 
corresponding sizes. 
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The contract contained the following further guarantees: 


We will guarantee the efficiency, temperature, and output as stated respectively above, 
and we will guarantee all the apparatus to be free from defects of labor and material, 
and to be of superior strength and design. 
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First 5000 Horsr-power Niacara ALTERNATOR AS DESIGNED AND INSTALLED 
BY THE WeEstTINGHOUSE ELEecrric anD Manuracrurinc Company 


As to the patents, the Westinghouse Electric and Manufacturing Company will, at its 
own cost and expense defend any and all suit or suits that may be instituted by any party 
against you or against The Niagara Falls Power Company or any other company for 
whom you may install our apparatus, for the alleged infringement shall consist in whole 
or in part in the use of any apparatus, machinery, or devices, or parts thereof, manu- 
factured and sold by it to you for which you shall have made all payments then due, 
provided that reasonable notice of the institution of such suit or suits be given in writing 
by you to the company and that you shall permit the company through its counsel to 
defend same, and shall give it all needed information, assistance and authority to enable 
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it to do so; and thereupon, in case of an award or damages in such suit or suits the com- 
pany shall pay such award, but the company shall not be bound to defend any suit or 
suits, nor to pay any damages therein, when the same shall arise by reason of the use of 
parts not furnished by the company. 
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CONTRACT ANNOUNCED 


The contract, with guarantee, was signed October 27, 1893, and the official 
statement of the parties thereto was at once made public, to wit: 

After protracted and exhaustive examination of many plans submitted by various 
electrical companies in America and Europe, The Niagara Falls Power Company has 


awarded to the Westinghouse Company of Pittsburgh, Pennsylvania, a contract cover- 
ing the construction and installation of three alternating-current dynamos of 5000 


. 
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horse-power each after designs originating with the engineers of The Cataract Construc- 
tion Company and especially adapted to the particular requirements of the hydraulic 
installation of The Niagara Falls Power Company. The system adopted involves the use 
of two-phase current with a frequency of 25 periods per second generated at a voltage of 
2000 and the use of transformers for long-distance transmission at higher tension. 


INSTALLATION OF GENERATORS 


In September, 1895, two generators had been installed and tested, and the 
third generator was in process of construction. 


INsTRUMENT PANEL For 5000 Horse-powErR GENERATOR 
Power-HouUSsE NUMBER OnE, 1896 


The Westinghouse Company reported at that period: 


We have made several minor modifications of the plans laid before us at the time the 
contract was completed. These modifications have in all cases received the approval of 
Dr. Coleman Sellers, chief engineer of The Niagara Falls Power Company, and it is 
believed to have without exception resulted in improvement of the original design. 

The switching devices, indicating and measuring instruments, bus-bars and other 
auxiliary apparatus, have been designed and constructed on lines departing radically 
from our usual practise. The conditions of the problem presented especially as regards 
the magnitude of the amount of power to be dealt with, have been so far beyond all 

1See Appendix M, Volume II, for detailed description of generators. 
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precedent that it has been necessary to design a considerable amount of new apparatus. 
The general organization of the cables, switches and measuring instruments, differs 
materially from anything of the kind hitherto installed elsewhere. \ 
Nearly every device used differs from what has hitherto been our standard practise. 
Among novel features of importance we may mention the use of compressed air to 
operate the switching devices, the construction of the 5000 horse-power switches, and 
the construction of the bus-bars. 


REPORTS TO STOCKHOLDERS 


The evolution in ideas and plans and the progress of the Niagara enterprise 
may be found in the circulars issued from time to time to the stockholders. In 
such a circular dated February 15, 1893, eight months before the awarding 
of the contract for first generators, it was stated that the directors of The 
Cataract Construction Company had unanimously decided that the best in- 
terests of the project would require the expenditure of $1,200,000 during the 
year ending April 1, 1894, and the following explanation was made: 


While the directors are of the opinion that in a work of this novel character, fre- 
quently calling for change of plan, it is not desirable to forecast with too great par- 
ticularity the details of the proposed expenditure, they are prepared to make use of 
this sum in the extension of wheel-pit, additional development of hydraulic power, the 
construction of a power-house, with its appurtenances, and the construction of a line of 
transmission for manufacturers on the company’s property, as well as some eighteen 
miles to Buffalo, where abundant opportunity and demand for Niagara power has al- 
ready developed. 

On every side inquiries and requests for power on favorable terms have been made to 
such an extent as to justify the belief that as soon as water has begun to flow through 
the tunnel, in or before the month of May, 1893, a quick and urgent demand for this 
power, both hydraulic and electrical, will show itself at Niagara, as well as at Buffalo, 
but undoubtedly it is from this great city, now employing more than 50,000 horse-power, 
that the most urgent demand will come for immediate use. To anticipate this demand, 
so as to meet it when made, seems the part of wisdom, and it has been determined to in- 
clude this great project of long-distance transmission within the present purposes, 
subject to such change of plan as may be found to be for the best interests of yourselves 
and the enterprise. 

In this place it may properly be said that the raising of this money is to provide for 
new and additional facilities and installations, rather than to make good deficiencies in 
the original estimate of 1890. The rapid advance of the electrical art since that date 
has compelled such changes as to make difficult and unwise any close adherence to the 
original plan. 


The Cataract Construction Company reported to its stockholders, Decem- 
ber 15, 1896: 


The present electrical installation comprises three dynamos, each of 5000 electrical 
horse-power, of which one should be kept as a reserve; but the demand has made such 
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reservation impossible and the contracts already made for 15,825 electrical horse-power 
exceed not only the prudent but the actual capacity of these works, which require im- 
mediate extension, with every prospect of prompt and profitable employment. 

The course which should be pursued may be indicated by the statement that, in the 
opinion of the board of directors (supported by subscriptions from their own number), 
this enterprise has never promised so well as now, either in practical operations or finan- 
cial results. 

Since work was begun in 1890, no interest in The Cataract Construction Company 
is known to have been sold for less than par. Notwithstanding at least four financial 
crises, and other influences deterring the establishment of new industries requiring power. 
Considering these general and well-known adverse conditions, coincident almost with 
its life, the wonder is that this company has steadily progressed, and, as above indicated, 
has almost reached the point of self-support. Under such conditions, and in view of 
the necessarily experimental character of the work, it would have been folly at any earlier 
date to seek to provide for an installation larger than necessary to demonstrate that 
this enterprise can accomplish real work and promise real profits, such as now can be 
expected after January 1, 1898. 

This promise is based upon the proposed completion of the installation up to the 
point at which it will be possible to develop at Niagara for commercial requirements 
35,000 available electrical horse-power from eight dynamos, each of 5000 horse-power 
(one being kept in reserve), and to complete the Buffalo transmission line, so that it will 
be sufficient to deliver in Buffalo 10,000 electrical horse-power as required by the munic- 
ipal franchise. 

Such installation it is estimated will be sufficient, and it is expected, promptly to 
produce a net income of over $600,000, against which the bonded interest will not exceed 
$450,000 (after funding all interest up to January 2, 1898), leaving a probable dividend 
fund sufficient for 5 per cent upon the stock, and all the vast remaining lands, properties 
and the rights of the company for future development. 

The proposed extension involves doubling the present capacity of the transmission line 
to Buffalo which is now delivering 1000 electrical horse-power; the extension of the 
wheel-pit for its full length, so as to have capacity in all for ten 5000 horse-power 
turbines and dynamos; the installation of seven 5000 horse-power turbines and dynamos, 
in addition to the three now in operation; and the extension of the power-house to cover 
the new installation. Such an extension of the wheel-pit is about one third completed ; 
the right-of-way from Niagara Falls to Buffalo is complete; the pole-line already has 
a pole and cross-arm capacity of 20,000 electrical horse-power, with copper conductors 
in place for 5000 electrical horse-power. Upon definite proposals already received, the 
entire installation above described can be progressively completed before April 1, 1898, 
with the proceeds of the subscription of $2,000,000 now invited, and already largely 
taken. 


The Cataract Construction Company having surrendered its control of 
the Niagara companies preparatory to liquidation, after its ten-year period 
of construction, and its officers and directors having assumed the management 
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as stockholders and directors of The Niagara Falls Power Company an- 


nounced, November 16, 1899: 

that early in 1900, ten 5000 horse-power turbines and dynamos will be in operation 
in the power-house (Number One) at Niagara Falls, extended and completed as an- 
ticipated upon December 15, 1896. 

Upon the basis of existing arrangements, and without any new contracts, the esti- 
mated net income (one dynamo being held as a reserve), will exceed the annual fixed 
charges. 

The limit of the present power-house and the present wheel-pit upon the west side of 
the canal has been reached, and additional turbines and dynamos can be established only 
by the construction of an additional wheel-pit, and an additional power-house, for which 
a site upon the east side of the canal, approved by the professional advisers of the com- 
pany, has been adopted by the board of directors. 

The cost of the wheel-pit, connecting tunnels and power-house and of the eleven 
turbines and dynamos, will be approximately $3,000,000, which sum, when expended, 
will substantially double the present income-producing power of the electric plant. 
That the additional power produced by this new construction will find demand at re- 
munerative rates and within a reasonable period is the belief of every member of the 
board of directors, which unanimously has resolved to proceed with the execution of 
the work as above indicated. 

ADDITIONAL CONTRACTS FOR ELECTRICAL EQUIPMENT 

While the Westinghouse Company secured the three several contracts that 
comprised the entire equipment of ten units aggregating 50,000 horse-power, 
of Power-house Number One, the General Electric Company was at that 
time awarded the contracts for the design and construction of the trans- 
former station for the Buffalo transmission, the rotary converter installation 
at the Buffalo terminal, and all apparatus for the Cataract Power and Conduit 
Company of Buffalo and the Buffalo General Electric Company. 

Soon after the 5000 horse-power units numbered one to ten in Power-house 
Number One had been placed in commercial operation, in May, 1900, invita- 
tions were extended by The Cataract Construction Company for proposals 
for the design and construction of alternators for Power-house Number Two, 
of similar characteristics to those already in operation in Power-house Num- 
ber One. 

Successive contracts were awarded to the General Electric Company com- 
prising the entire installation of eleven alternators of 5500 horse-power each, 
of which six, numbered 11 to 16, were of the external revolving field type, 
similar to the ten units in Power:house Number One, and five, numbered 17 
to 21, were of the internal revolving field type. 

All these machines were constructed with improved ventilation and regu- 
lation, and the last five without the heavy revolving nickel-steel forged ring 
previously used in the sixteen machines already in operation. 
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Other improvements were adopted at the suggestions of William LeRoy 
Emmet, engineer of the General Electric Company, that were important 
advances in the art of electric development and distribution. 

In the Canadian power-house the first five alternators were designed and 
built by the General Electric Company. They were rated at 10,000 horse- 
power each, and were placed in commercial operation in 1905-1906. The re- 
maining five machines in that plant, designed and built by the Canadian West- 
inghouse Company, Limited, of Hamilton, Ontario, were rated at 12,500 
horse-power each, and were gradually installed as the demand increased for 
their electrical product. The units in all of the three plants operate at 250 
revolutions per minute. 

Further data and details of reconstruction are contained in other chapters, 
notably those dealing with turbines and power-houses, and their appendices. 


THE POLYPHASE SYSTEM IN OPERATION 


The various electrical “systems” employed for are lighting, for incandes- 
cent lighting by direct current and by alternating current, for railway oper- 
ation and for motor service, which were employed in the early nineties have 
been described in Chapter X XI. The generators were of many kinds and 
of small size. Each kind of service involved its own generators and circuits. 
There was no common universal large scale system until the Niagara plant 
began operation. 

The new general system of electric power service by polyphase alternating 
current inaugurated at Niagara was described in a lecture by Charles F. 
Scott at the Kngineers’ Club of Philadelphia, April 17, 1897, who presented 
the accompanying diagram which shows the service then rendered by The 
Niagara Falls Power Company, and illustrates the variety of ways in which 
electric power can be supplied by the alternating-current polyphase system 
from a single source. 

Professor Scott has recently made the following explanatory statement: 

The first three applications near the top of the diagram show an electric railway, an 
arc lighting system and an incandescent lighting system. Each of these had required 
it own type of generator, driven by an engine. In the diagram the original lighting sta- 
tion is still operating, although the old lighting generators are no longer operated by a 
steam engine but by a motor receiving power from the hydro-electric plant. This is an 
interesting transition. 

The diagram prepared before the plant had been in operation two years shows a 
very great variety of electrical conversion and transformation. There is direct current 
supplied as constant current and also at constant voltage, the value of the constant 
voltage differing in different installations, and also direct current at variable voltage 
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adjustable over different ranges to meet the varying requirements of electrochemical 
loads. There is alternating current at several constant voltages, also at variable voltage. 
There is transformation from two-phase to three-phase and transmission at high volt- 
age. Current is used for ordinary power purposes, for are lighting and incandescent 
lighting and for various heating and electrochemical processes, employing resistance 
furnaces, arc heating and electrolytic reactions of various kinds. 

All these seem very commonplace today, but then it was a new thing, and Niagara 
was not only the birthplace of hydro-electric power, but it was the first large scale ea- 
ample of a comprehensive electrical power system supplying power of all kinds from one 
circuit. 

The polyphase power-plant at Niagara was in 1895 the Electrical Wonder of the 
World. It was the pioneer, others followed and today practically all of the electrical 
power in the world is produced and transmitted as polyphase alternating current. 
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CHAPTER XXIV 


THE ESTABLISHING OF CENTRAL STATION POWER 


FE original Evershed plan, upon which the development of The Niagara 

Falls Power Company was based, contemplated the development of hy- 
draulic power locally in each of two hundred or more wheel-pits of mills occu- 
pying a considerable district along the northern side of the river extending 
from 1 to 3 miles above the falls. 

The story of the evolution from this plan to one involving a central power 
station from which power should be electrically distributed to local mills and 
factories and also to those at considerable distance has been recounted in other 
chapters. It has been repeatedly emphasized that there was no precedent for 
the distribution and transmission of power over extended areas on a large 
scale instead of producing it locally by engines or water-wheels. The central 
station for the supplying of electric light was less than ten years old and the 
central station plan had been visioned only by a few as a method for the general 
distribution of power, and those who entertained such hopes did not find in the 
electrical apparatus and methods then in existence the means of large scale 
dependable power service. 

The industrial revolution of the nineteenth century had been brought about 
by the steam engine. The progress in material development and of the new 
civilization which it made possible came from the driving shaft of the steam 
engine and here and there of its companion water-wheel. The Niagara power 
proposition of 1890 was the largest which had been undertaken there or else- 
where and the proposal to introduce, in a development of 200,000 horse-power 
or more, a new method of central development and distribution of power was 
a radical and revolutionary proposal. 

What has been the outcome? The early plan of supplying certain customers 
with water for their use in the operation of their own wheels was realized in 
but a single case in the International Paper Company, located near the power- 
house, which discharged the water from its own wheels into the main tunnel. 
All other power was generated in Power-houses Number One and Number 
Two, and then distributed as electric power to other plants for use. This 
practise, successfully inaugurated at Niagara, is now universal and common- 
place. The central station method of developing power inaugurated a new 
era in the production and use of power, and in the contribution it makes to the 


progress of civilization. 
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ALTERNATING-CURRENT SERVICE FROM THE NIAGARA PLANT 


In the light of subsequent history, it is now difficult to realize the point of 
view of the early advocates of direct current. 

The use of current of this type is now restricted to a few fields where the 
character of the current is dictated by the use which is to be made of it. In 
certain electrochemical processes, direct current is essential; where storage 
batteries are used, it is requisite; for the operation of street cars it is desirable; 
in certain isolated plants and in industries where motors require a particular 
range of speed control it is preferable. But aside from such cases, it is used 
but little today, except that the early direct-current lighting systems in the 
centers of a number of our larger cities are still in operation. In practically 
all of these cases, however, the power is initially produced in large central 
stations as alternating current and is transmitted as such to a number of sub- 
stations where it is converted into direct current in amounts as required for 
local use. In general, the direct-current distribution in cities is not being 
extended, but is being replaced by the alternating service, and in most cases, 
it has disappeared entirely. 

The direct current did not lend itself to the operation of what may be termed 
a universal system. In the early projects for use of direct current at Niagara 
several types of generators were proposed, some for low voltage distribution 
locally, some for higher voltage distribution locally, and some for transmission 
to Buffalo. Generators of the several groups were not interchangeable. 

Direct-current generators, owing to their inherent construction with com- 
mutator and brushes, have not been found practicable for construction in 
larger sizes. Very few such generators exceed 3000 or 4000 horse-power in 
capacity and in large sizes they are not capable of being operated at high 
speed. It is interesting to note that the choice of turbines for 5000 horse- 
power at Niagara seemed to eliminate the consideration of direct-current 
generators which were necessarily of smaller size. 

Lord Kelvin, having in view the operation of a number of direct-current 
machines from the vertical turbine shaft by means of specially devised gear- 
ing, cabled on May 1, 1893, as follows: 


Buffalo project realizable immediately ; have designed special easy gearing twenty or 
similar number continuous current dynamos, vertical shafts above ground around main 
turbine shaft; its design unchanged from present plan; delay till autumn unnecessary : 
trust you avoid gigantic mistake of adoption alternate current. 


On the other hand, the alternator has been built of increasing capacity pro- 
ducing at Niagara more than 70,000 horse-power in continuous operation. 
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The speed of alternators is in general limited by that of the prime mover 
rather than by the alternator itself. 

Direct current when applied to long-distance transmission at high voltage 
employed the constant current method instead of the constant voltage and this 
plan is not well adapted for supplying motors in different places, but simply 
for the operation of motors in one receiving station. Although as an electrical 
method for performing this service it has certain advantages, yet it has been 
realized in but few installations, none of importance. 

The outcome of the choice of alternating current has been that it has served 
for the supplying of electric power for all purposes locally at Niagara as well 
as for transmission to Buffalo and other and more distant places, and that the 
Niagara method is in practically universal use. 


NIAGARA POWER FOSTERS INDUSTRIES 


One of the far-reaching results of the adoption of alternating current is the 
present character of the service it renders. The first idea at Niagara was the 
delivery of mechanical power from many wheels to local mills. Later, in 1890, 
invitations for projects to be considered by the International Niagara Com- 
mission described the purpose as the supplying of some electrical service and 
of power for manufacturing both at Niagara and at Buffalo. 

In the first request by The Cataract Construction Company for proposals 
in the latter part of 1891 the service specified was for municipal lighting and 
for motors of local factories within a radius of two miles up to 300 horse-power. 
On February 15, 1893, which was six months or more before the contract for 
generators was placed, it was stated by the company that the inquiries and 
requests for power Justified the belief that “a quick and urgent demand for 
this power, both hydraulic and electrical, will show itself at Niagara as well as 
at Buffalo, but undoubtedly it is from this great city now employing more 
than 50,000 horse-power that the more urgent demand will come for immediate 
use.” The demand for hydraulic power never materialized beyond the single 
customer, i. e., the International Paper Company which after a time found the 
direct use of water for the development of its own hydraulic power to be so 
inefficient that arrangements were made for shutting down its independent 
hydraulic plant and operating the paper mill by electric power from the main 
power-house of the Niagara power company. 

Furthermore, the more urgent demand for immediate use did not come 
from Buffalo, as is indicated by the report to the stockholders December 15, 
1896, fifteen months after the beginning of commercial operation. At that 
time, the power supplied and the contracts already made called for slightly 

1 See Chapter XXIII, pages 246-247, Volume II. 
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over 15,000 horse-power although there were but three 5000 horse-power 
units then in operation. Buffalo had been receiving only 1000 horse-power. It 
was recommended that provision be made for increasing the capacity to 35,000 
horse-power and for augmenting the Buffalo line so that it would be suf- 
ficient to deliver 10,000 horse-power as required by the municipal franchise. 


Rorary Converters, Maruirson ALKALI Works, wirn TransrorMERS AND 
Voutracr RecuLarors, 126 Kitowatrts, 170 to 230 Vours 


Buffalo was not, therefore, the field of “quick and urgent demand” but the 
large consumption of electrical power was then local and from unexpected 
and novel sources. 

Furthermore, a glance at the diagram of circuits’ showing the use of 
Niagara power in 1897, less than two years after the plant started, brings 
out a striking fact. Electric power was used for lighting, it was used for 
street railways locally and in Buffalo, it was used for motors in mills, the 


three uses of power which had been emphasized, but the center of the diagram 
*See Chapter XXIII, page 251, Volume II. 
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shows five uses other than for lighting and power, of a kind to which scarcely 
any reference is found in the early prospectuses and plans of the company. 
These uses are for the making of carborundum, aluminum (Pittsburgh 
Reduction Company), alkalis and calcium carbide. They are electrochemical 
and allied processes and they were using, in the aggregate, many times the 
total power taken for lighting and motors. The load was not only greater but 
it was practically a continuous and constant load, 24 hours a day, whereas the 
railways called for an intermittent load for 16 or 18 hours. Many of the in- 
dustrial motors were operating 8 hours and the lighting service was during 
the evening hours only. The adoption of electricity made possible these new 
uses of the wasting power of Niagara’s waters and the adoption of alternating 
current had enabled these various kinds of service to be supplied from a single 
system and source. The low cost of continuous power had made profitable the 
inauguration of important industries of a new kind. 

It is interesting to note that practically all of the various electrochemical 
processes then introduced had been invented, developed and made commercial 
after the taking out of the charter in 1886, under which the power-plant was 
organized. A new and practically unanticipated electrochemical industry had 
been fostered and immediately established, supplying new and useful prod- 
ucts, as a contribution of natural resources and scientific achievement to the 
general welfare. 

OTHER POWER-PLANTS AT NIAGARA 

The development of other electric power-plants at Niagara immediately 
after the successful inauguration of service by The Niagara Falls Power 
Company is significant. That a power-plant of 200,000 horse-power seemed 
large may be inferred from the expectation that the quick and urgent demand 
for power would come from Buffalo because some 50,000 horse-power was 
employed there, while little was in use at Niagara. The local demand for 
power had in the past been met by the use of a few thousand horse-power from 
the “hydraulic canal” although it had been in service for many years. The 
hydraulic company had furnished a small amount of current for are lighting 
and for incandescent lighting and for other purposes by various dynamos 
and circuits each adapted to the customers’ needs, but it now inaugurated 
a power system on a comprehensive scale by the adoption of the alternating- 
current system similar to that of The Niagara Falls Power Company. Soon 
there were larger enterprises on the Canadian side of the river for power devel- 
opment, all of which adopted the alternating-current polyphase system corre- 
sponding to that of The Niagara Falls Power Company so that all generators 
were adapted for interchange of power or for supplying a common system. 
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One result of the adoption of alternating current was to give a new order of 
usefulness to the “hydraulic canal” and also to stimulate new enterprises for 
the utilization of the waters of Niagara, for the benefit of the people on both 
sides of the international boundary line. 

Niagara power, now produced in several power-houses on each side of the 
river, divided by an international boundary line, constitutes physically a single 
family or city of interconnected power-plants under different ownerships and 
control. This group forms the greatest hydro-electric development in the 
world. To the north and the south two great areas of people are served with 
light and heat and power over radiating transmission lines, while the local 
electrotechnical factories send forth products which are essential to industries 
everywhere. And the method by which all this is done is that inaugurated by 
The Niagara Falls Power Company when it began operation in 1895. 


INFLUENCE OF NIAGARA ON POWER DEVELOPMENT ELSEW HERE 


The adoption of the central station method of producing and distributing 
power, the inauguration of generators some five or ten times f ormer capacities, 
the adoption, in the largest electrical enterprise ever undertaken, of the alter- 
nating-current polyphase system which had been so much criticized and dis- 
cussed, the immediate success in operation—all gave an impetus and confi- 
dence in electric power development which was followed by enterprises on a 
large scale elsewhere. In New York City, for example, within a few years, 
a number of large power-plants were constructed for supplying the lighting 
systems, the street railways, the elevated railways and the subways, and all 
adopted the alternating-current polyphase system employing 25 cycles fol- 
lowing the precedent set by The Niagara Falls Power Company. During the 
decade following the starting of the Niagara plant in 1895 the capacity of 
the electric power stations of the country quadrupled, and polyphase alterna- 
ting current had become the practically universal method of generating and 
transmitting power, at 25 or at 60 cycles. 

Niagara was the mecca of engineers from abroad. At the time of the World’s 
Fair in 1893, when the hydraulic construction was well under way, there were 
many engineers and others of distinction visiting this country from abroad 
who went to Niagara to inspect the work and to learn of the plans in view. 
After the beginning of commercial operations there continued a succession of 
foreign visitors who carried back-to their homes the practise and the inspira- 
tion which this great plant afforded. 

In 1890, at the beginning of the project, it was clearly shown that in the most 
important departments there were no precedents to follow and that the special 
problems at Niagara were to be worked out practically and commercially 
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only by the aid of the most advanced developments of several branches of 
applied science operating in close union or alliance. 

This enterprise, as it exists today in successful operation, represents the 
union of geology, physics and other sciences with civil, mining, hydraulic, 
mechanical and electrical engineering, which, each in its turn, have contributed 
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to the foundation of hydro-electric power as a mighty influence in the promo- 
tion of industrial arts based upon mechanical, chemical and metallurgical 
sciences. 
INTERCONNECTION OF POWER SYSTEMS 

The outstanding advance in recent electrical power methods is the inter- 
connection of generating stations by transmission lines, thus forming extended 
networks of transmission lines. 

This is another step in the progressive growth in the scale of electrical 
operation which has followed the engineering developments which have made 
successive steps. 


NIAGARA POWER 


In the early days of electrical service, local plants supplied limited areas 
and different kinds of current were required for incandescent lighting, for 
are lighting and for electric railways. Alternating current was at first a means 
of extending the radius of incandescent lighting from about a half mile from 
the direct-current central station to several miles from the alternating-current 
station. Larger cities required ten or a dozen electric plants for serving their 
different districts. 

Then came the polyphase alternating current, by which all kinds of service 
could be supplied from a single large central station, a method first exploited 
on a large scale at Niagara. A single large power station is far cheaper to 
install than many small ones; it can be located where favoring conditions 
direct and not where proximity to the load compels; it is more efficient and 
economical to operate and the aggregate capacity required is less than is 
necessary when several smaller.stations separately supply their varying loads. 

Increases in voltage have enabled a station to serve larger and larger areas, 
and have made it possible for a distant water-power to serve a city. As 
voltages became higher, insulators for supporting the line were made larger 
until a mechanical limit in size was reached. As a consequence a voltage limit 
was also reached at about 66,000 volts. The insulator problem was solved at 
Niagara by the development of the suspension type insulator, which has made 
it practicable to use voltages of 220,000 and more. 

The next great step has been the interconnection of power systems into 
what is often termed the super-power system. The power stations of different 
districts are forming great networks of transmission lines or “pools of power” 
supplied by many power stations. No longer is each district dependent upon 
its own local source of power, but when demand is great or emergency arises 
it can draw from distant sources. Water power-plants with varying flow, far 
exceeding the local demands at certain seasons, can supply all their energy 
to a large system and when the demand for power exceeds that which the 
hydraulic plant can supply the supplementary power can be furnished by a 
steam station. Thus, power can be supplied from those stations where it can 
be most economically produced, water-power is conserved, coal is saved, 
power station capacity and investment are reduced, continuity of supply 
is assured. 

In a few decades there has been a great transition from the old method of 
individual engines or water-wheels driving their loads by shafts and belts 
to the universal electric power system, hundreds of miles in extent and rapidly 
becoming nation wide. And the electrical method by which all this is being 
done is that which, after years of investigation, was adopted by The Niagara 
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Falls Power Company in its great pioneer enterprise. No other means is 
known by which this could be accomplished. Hydraulic methods and com- 
pressed air, urged in the beginning, now seem ludicrous and the use of direct 
current is confined to a few restricted fields. The choice of polyphase alterna- 
ting current has stood the test of time, for the tens of millions of horse-power 
produced electrically in great steam and hydro-plants which are linked to- 
gether by transmission networks are generated as alternating current. The 
Niagara power system, thirty years ago without precedent, now appears as a 
miniature of the electric power service which is making electricity the greatest 
tool that ever came under the control of man. 


AMERICAN MANUFACTURING COMPANIES 


The Niagara project, as is elsewhere indicated in the pages referring par- 
ticularly to the large electric manufacturing companies in America, was a 
great stimulus for the building up of their organizations and the development 
of a new system preparatory to the competition for the initial contracts at 
Niagara. The continuing contracts from the company itself and from its 
customers and the stability and confidence which the enterprise gave to elec- 
trical power development in general, are matters for which these companies 
have been appreciative. 

As careful students of the methods of power transmission at home and 
abroad in 1890; as eager investigators of conditions at that period in the arts 
of engineering; with intimate knowledge of the promptness with which the 
two great electrical manufacturing companies recognized the radical economic 
changes that were taking place and prepared to grasp the opportunities pre- 
sented, the survivors of the Niagara enterprise of 1890 congratulate the 
leaders of those two national organizations upon their vision, their masterly 
organization, and their successful achievement of reputation and fortune in 
their campaign at Niagara. 

In recent years, representatives of the General Electric and the Westing- 
house companies in a retrospective view of a period of more than thirty years 
have expressed the following sentiments: 


General Electric Company 


The original installation at Niagara Falls had a profoundly important effect upon 
the development of the electrical art, and the decisions originally made and the reasons 
which governed them have an importance entirely apart from that which governed later 


developments. 
William LeRoy Emmet 


Consulting Engineer 
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Westinghouse Electric and Manufacturing Company 


The abundant and widely distributed supply of electricity will confer innumerable 
benefits upon the people of the United States. It will increase the productivity of farms, 
improve transportation, reduce the cost of manufactured products, increase the effec- 
tiveness of human labor, conserve our diminishing fuel resources, and, by providing ample 
facilities for industry and for comfortable living in smaller centers, it will draw people 
out of the congested cities. In a word, it will decentralize and so enhance our welfare 
that it will usher in a new era in the country’s history. 

It is significant that in the evolution of the new electric power, the great step should 
have been made at Niagara. Here hydro-electric power sprang into being, a young 
giant. The spiritual influence of the beauty and majesty of Niagara are now supple- 
mented by a beneficial service to all within the wide reach of its radiating circuits and by 


its example to people everywhere. Be Aghetr 
P Peel : Guy-E. Tripp 


Chairman of the Board 
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AC 
A, *A Negative Electric Discharges from Induction Coil. 
*B,*B_ Positive Electric Discharges from Induction Coil. 
‘C Oscillatory Discharge from Leyden Jar. 
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CATARACT POWER AND CONDUIT COMPANY, 1896 
AND 
BUFFALO, NIAGARA AND EASTERN 


POWER CORPORATION, 1925 
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CATARACT POWER AND CONDUIT COMPANY, 1896 
AND 
BUFFALO, NIAGARA AND EASTERN 
POWER CORPORATION, 1925 


CHAPTER XXV 


TRANSMISSION VITAL TO THE NIAGARA PROJECT 


HE transmission of power, and on a scale unprecedented, was at the 

outset of the Niagara project considered essential to its commercial 
success. There seemed no prospect of quickly attracting to Niagara industries 
which would prove large users of power, while Buffalo and beyond was an 
alluring goal. Not in all the world was power aggregating the output of a 
single unit proposed at Niagara transmitted a quarter the distance from N1- 
agara to Buffalo. 'The quest for a method to transmit power was the greatest 
task of the International Niagara Commission. But no method deserving a 
major award was forthcoming. Pneumatic and electric methods were ad- 
vocated with about equal emphasis. When the initial plans were made for two 
power-houses, one on each side of the inlet-canal, one was designated as electric 
and the other as pneumatic. 


ELECTRICITY VERSUS COMPRESSED AIR 

One of the facts in the early Niagara power history which is most surprising 
to the readers of today is the recommendation of George Westinghouse in 
1890 that compressed air should be used as a method for conveying power to 
local factories and to Buffalo. He has been recognized in this country as a 
pioneer and leader in the development and use of alternating current for 
lighting and for long-distance transmission of electrical power. This surprise 
is indication that today it is almost impossible to realize the situation at the 
earlier date. Today electric transmission is so commonplace that it is taken for 
granted. The simple fact is that electricity was not capable of handling a large 
undertaking at that time. Nor did the Niagara company’s officers and engi- 
neers find in Europe any installations of compressed air power transmission 
or of hydraulic transmission which gave them assurance that these methods 
would serve their purposes but, trusting to rapid progress in electrical devel- 
opment, and with provision for compressed air distribution from one power- 
house as well as electrical transmission from the other, they had the courage 
to proceed. 
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The outcome has been that electrical power distribution is well-nigh uni- 
versal and that compressed air is used only in limited and special cases notably 
where reciprocating machinery such as drills can be advantageously operated 


by this means. 
INITIAL STEPS IN ELECTRICAL TRANSMISSION 


When the electrical system was finally determined by the placing of con- 
tracts for polyphase alternating-current generators in 1893, the way was clear 
for taking up the specific problems of electrical transmission. 

Prof. E. J. Houston and Dr. A. E. Kennelly, of Philadelphia, were con- 
sulted in 1894-1895 as to the radius of electric power distribution that might 
be reasonably considered commercially profitable by the use of high-tension 
alternating current. As the result of their study of the principal elements they 
reported that in their opinion Niagara power could be delivered not only 
within the immediately surrounding territory, but that it was reasonable to 
anticipate that Niagara power might successfully in the future compete with 
that produced by local steam engines within a radius of 200 miles. 


PROPOSALS FOR TRANSMISSION LINE 

The engineers of The Cataract Construction Company prepared a definite 
project, and proposals for its construction were invited in the spring of 1894, 
coincident with the application to the city of Buffalo for a franchise for the 
distribution of power within that municipality. Proposals were received from 
the General Electric and Westinghouse companies which were in all essential 
respects alike. Kach company proposed a project for the transmission of 
10,000 horse-power from the bus-bars of the Niagara power-house to the sub- 
station at Buffalo, transforming the two-phase currents generated at the 
power-house into three-phase currents at either 11,000 or 22,000 volts by 
step-up transformers. 

The General Electric Company designed a single pole line, with two cir- 
cuits, and suggested, if desired, a second pole line with a spare circuit. The 
Westinghouse Company proposed to use two lines of steel poles, each to carry 
one circuit. The General Electric Company proposed to use air-blast trans- 
formers, while the Westinghouse Company advocated oil-insulated, water- 
cooled transformers. Active measures looking to the construction of the line 
were not undertaken until the latter half of J une, 1896, owing to the delay 
in obtaining the Buffalo franchise. 

The technical advisers of the construction company as to the system of trans- 
mission and the details of its design and construction were: 


Prof. George Forbes, electrician, of London 
Houston & Kennelly, electricians, of Philadelphia 
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Dr. Coleman Sellers, chief engineer, of the Niagara and cataract 
companies 


DeCourcy May, mechanical engineer, General Superintendent of 


Works. 


J. G. WHITE 


A.S.C.E., A.I.E.E., I.E.E. 


ENGINEER 


ERECTION OF TRANSMISSION LINE 


The contractor for the erection of the transmission line was the engineering 
organization of J. G. White, then entitled "Fhe White-Crosby Company of 
New York. 

Mr. White presented a paper entitled The Niagara-Buffalo Transmission 
Line to the National Electric Light Association at its meeting in Niagara 
Falls in 1897, after the line had been in service for half a year. The following 
extracts throw light on some of the difficulties which were encountered on 
this pioneer line: 


ho 
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My first personal knowledge as to the then proposed transmission line between Ni- 
agara Falls and Buffalo, dates from the autumn of 1894, when The White-Crosby 
Company was asked to prepare and submit detailed plans, specifications and proposals 
for its construction. It was then found that the engineers of the Westinghouse and 
General Electric companies had both recommended the construction of circuits of three 
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wires, adapted to the three-phase system, each wire having an area of about 330,000 
circular mils. Beyond this no definite plans had then been determined upon. The engi- 
neers of The Cataract Construction Company at that time considered it advisable to 
have the line built entirely of iron poles and detailed drawings and specifications were 
accordingly prepared and submitted, showing alternative plans. The first included two 
entirely independent lines of iron poles, not less than 40 feet long, weighing some- 
thing over 2000 pounds each. The second consisted of lines of poles of about the same 
height, weighing 1000 pounds each, set in pairs and tied together by deep trusses, which 
served both as braces against the terrific wind storms that sometimes sweep across Lake 
Erie, and as a means of carrying part of the wires. 

Full proposals, with detailed plans and specifications for the construction above 
outlined, were submitted October 11, 1894, and the amended proposition for carrying 
out the construction on the same general lines was submitted March 13, 1895. Nothing 
further developed in the matter until June, 1896, when new proposals were asked for 
the construction of the line, on the assumption that white cedar instead of iron poles 
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should be used throughout. Such proposal was submitted June 18th, and was accepted 
some days later. 

First cost, within reasonable limits, should always be considered secondary to good 
construction, so that you will probably concur in awarding first place, as a factor in 
problems of this nature, to the avoiding of interruptions. . . Entering into this problem 


Ratsinec Steet Pott ror New Lint to REPLACE ORIGINAL 
Nracara-BuFrrato Woop Potr LIne 


of sure and continuous operation, we have the same two factors entering that usually con- 
front us in connection with any electrical installation ; namely, insulation and mechanical 
strength. . .Of what importance to a 5000 horse-power dynamo is the current that 
would leak down a wooden pole, even when wet? Nevertheless, this same current is suffi- 
cient to char or burn the pin under a defective insulator. During one night last fall, while 
an attempt was being made to operate the line on temporary insulators—the best obtain- 
able at the time—the ends of no less than five of the large cross arms used on this line were 
burned entirely off, and this, too, without any manifestation having been made at the 
station that anything unusual had occurred. This naturally raises the questions whether 
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it is possible to procure insulators that can be depended upon to maintain the insulation 
on a circuit carrying 10,000 volts or over, and whether it is not good practise to have 
fewer poles, and, consequently, fewer weak spots in the form of insulators.’ . . 

With spans of 100 feet, the pole would therefore have a factor of safety of only about 
21 when new, while the wires would have a factor of safety of about 7 and the cross-arms 


of. about 26,2... 
INSULATORS 


It is evident from the above that the weakest point of this line, mechanically, is the 
pole, in spite of the fact that final decision was made in favor of spacing the poles 75 
feet apart on straight, and proportionally closer on curved, parts of the route. . . 

This naturally brings us back to the question, “Are insulators such insurmountably 
weak links in such a chain, and is it not possible to get insulators that can be depended 


Heumer Tyrer Insunarors 


upon even when supporting wires under a pressure of 10,000 volts?” This can be most 
satisfactorily answered by again narrating the experience with this line. During the past 
cight months, insulators have been sent to Niagara Falls by four of the works which are 
among the first six in this country in the production of porcelain for electrical use. Of 
a sample lot of ten received a few days ago for test from one of these factories, one had 
broken in transit, eight broke under the strain of electrical pressure varying from 
16,000 to 36,000 volts, and the last broke under 40,000-volt strain. This latter would 
seem to be a minimum safe test limit for any insulator expected to sustain a regular 

"About ten years later this problem of designing a suitable insulator for use on a line with few 
insulators and long spans was solved as the result of investigations by H. W. Buck, electrical engineer of 


The Niagara Falls Power Company, by the invention of the suspension insulator now exclusively used 
for high tension transmission lines. 


* Wires supporting structures are assumed to have a covering of ice half an inch thick. 
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strain of 10,000 volts and is a test that any mechanically good, well-vitrified insulator 
of ordinary design will pass. . . It is only fair to state that these insulators were of a 
smaller type than, and different design from, those in use in the Niagara line. Several 
lots of somewhat similar insulators from another factory gave about the same results. 

Several thousand insulators, of a diameter almost equal to the round type now on the 
line, but of a design somewhat different in details, were furnished by a third porcelain 
works. These were all supposed to have been tested, and to have successfully withstood 
a pressure of 40,000 volts at the factory before shipment. When, however, these were 
tested at Niagara Falls by Mr. Lincoln, the electrical superintendent of The Cataract 
Construction Company, it was found that a large majority of them broke down under 
a 40,000-volt test, illustrating that a dry test, such as had previously been made, is 
useless for practical purposes. The method of test used at Niagara Falls was the “wet 
test.” 

As it was important that the line should be ready to deliver current by a specified 
date, the test was reduced on these insulators to 20,000 volts, and all that withstood 
this pressure were passed for temporary use. These insulators were later replaced by 
some of those now on the line, all of which successfully passed a 40,000-volt test made 
as above described. The temporary insulators after removal from the line were tested 
under 40,000-volt pressure; a solitary insulator, from a total of 1150 was able to 
pass muster. 

Of the insulators shipped by the fourth factory, and of the two types now on the 
line, about 24 to 40 per cent were usually found to be defective, breaking down under 
40,000 volts; this percentage decreasing in the last shipments received. It is, how- 
ever, worthy of special note that since the last of the temporary insulators were removed 
from the line, there has not been one minute’s suspension of current supply due to 
defective insulators. . . Apparently, therefore, it has been demonstrated that it is 
possible to secure insulators that are reliable. That there have been no greater troubles 
in the past from defective insulators is probably due to the fact that most of the large 
transmission plants in operation under high voltage, up to within a few months, have 
been in the far West, where a climate prevails very different from that natural to this 
immediate region. 

EARLY OPERATION OF BUFFALO LINE 

Before closing, it is natural to ask, “Is the line as built a genuine success? Can it be 
depended on, and is it effective?” In answering, let me give briefly some of the facts. 
The line now in operation is over 26 miles long, of which the last 4000 feet is under 
ground, the current being carried in lead-covered cables with rubber insulation, these 
having been drawn into terra cotta duct conduit built especially as a part of this 
line. These cables successfully withstood a test of 40,000 volts, are guaranteed for five 
years under working pressure up to 25,000 volts, and were punctured during test 
only by a pressure estimated by Mr. Lincoln as about 80,000 volts. They have given 
no trouble since the current was first turned on the line, November 15th last, except at 
two imperfectly made joints. Except for the short time needed to repair one of these 
joints, there has not been a single shut-down chargeable to the transmission line itself 
since the last temporary insulators were removed, some three or four months ago. A 
number of interruptions to service have occurred during that time, due to derricks used 
on the work now being done on the Erie Canal hitting wires, undermining the poles and 
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conduit by this work, and to allow new lightning arresters to be put in circuit at trans- 
former houses. Except for these extraneous and unusual causes, the service has been 
perfect, with the slight exception noted above. One short interruption last winter was 
due to the dead limb of a tree blowing across the wires, illustrating the fact that all 
trees should be cut down for some considerable distance on both sides of any high- 
voltage line. 

The actual working efficiency, as shown by the wattmeters in the low-tension alterna- 
ting circuits at Niagara, and the direct-current 500-volt circuit at Buffalo, was 79.6 
per cent, this being for a considerable period and a fluctuating load. This efficiency 
included loss in step-up transformers, line, step-down and rotary transformers. . . In 
view of these figures, we hope you will feel warranted in indorsing the opinion that 
Niagara power is now being satisfactorily delivered in Buffalo. 

As a final deduction, it seems reasonably certain that it is now possible to build either 
overhead or underground transmission lines—even in regions subject to much cold, 
damp weather—capable of carrying current at 10,000 volts, or higher, pressure, 
which can be operated with efficiency and every assurance of uninterrupted service. 


In the discussion of Mr. White’s paper, insulators, lightning protection, 
the relative cost and desirability of overhead wires and underground cables 
were the topics which developed special interest. In the light of subsequent 
development two points of view are notable. A gentleman who is now at the 
head of one of the largest transmission systems of the country began his dis- 
cussion with this sentence, “When I first saw this overhead line, what seemed 
to impress me particularly was the awful responsibility of running such 
high potential above ground.” Another gentleman, the head of an important 
street railway, made this remark, which was endorsed by two other eminent 
electrical men, “I very seriously question whether even this great plant at 
Niagara Falls can compete with the modern steam plant 50 miles from 
Niagara Falls.” 

REPORT OF OPERATING SUPERINTENDENT 


The supervision of the details of material and erection of the transmission 
line was the responsibility of the company’s resident electrical engineer and 
operating superintendent, Paul M. Lincoln, who describes his work in this 
connection by the following statement made in 1920: 


The first Niagara-Buffalo transmission line on the American side of the Niagara 
River went into service during the fall of 1896. As the operating superintendent for The 
Niagara Falls Power Company, it became my duty to supervise the operations of this 
transmission line from the time it went into service in 1896 until I severed my connection 
with The Niagara Falls Power Company in May, 1902. 

The status of electrical transmission as of that date has been set forth in the pre- 
ceding chapters. Suffice it to say that at that date the use of alternating currents for 
lighting was only ten years old and its use for power purposes was almost unknown. 
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The few previous attempts to use alternating currents for power purposes were exceed- 
ingly crude and were on a much smaller scale than that proposed for the Niagara-Buffalo 
transmission. 

In the construction of the Niagara-Buffalo transmission line, such precedents as then 
existed were followed. These precedents in turn had followed the practise of telegraph 
construction—the only precedent there was to follow in that day. 

The following statement is based on my personal recollections of six years direct 
contact with this transmission, and is reinforced by the opportunity which has been 


OriciInaL PoLE-LINE ‘TRANSMISSION TO BuFFALO 


afforded me of perusing the correspondence that passed at the time when the purchase 
of equipment for this transmission was contemplated. 

The construction of the Niagara-Buffalo line followed the recognized practise of the 
period for telegraph lines—the only precedent there was to follow at that time. The 
poles, cross arms, pins and insulators were of course heavier than those used in telegraph 
practise, also all poles on curves were either braced or guyed. At corners, double poles 
were used, but in other than these details construction was very similar to that used in 
the telegraph practise of the day. 

The photographs reproduced herewith show but a single line on the poles; this is be- 
cause these particular photographs were taken before the second line was erected. To 
meet the problem of continuity of service it was essential to have more than one trans- 
mission line available for use at all times. ‘Two such lines were installed at the beginning, 
either one of which would easily carry all the power taken by Buffalo during the first 
few months or year. It was always the policy of The Niagara Falls Power Company to 
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have a sufficient number of lines in service so that at any time one line could be shut down 
for inspection or repair and the remaining lines could easily carry all the power required. 

The Niagara-Buffalo line was a relatively short one, only about 22 miles from the 
step-up station in Niagara to the step-down sub-station in Buffalo. Today this would 
hardly be called a transmission, but rather an enlargement of the distribution area. 
Also, the voltage used was not high—11,000 volts—3-phase—a voltage that today 
would be viewed as a distribution voltage. Other plants, even at that time, were trans- 
mitting power at higher voltage than that. However, in some aspects the Niagara- 
Buffalo transmission was unique and of historical importance. In the amount of power 
transmitted and in the importance of the service rendered by the transmitted power, the 
Niagara-Buffalo transmission transcended anything that had been attempted previously. 
The first load in Buffalo to be operated by this transmitted power was the strect rail- 
ways of Buffalo. Any failure of transmitted power was, therefore, heralded immediately 
throughout the entire community. Other loads were soon added which were almost as 
important. The first requisite for transmitted power was therefore continuity. It soon 
developed that the success or failure of Niagara power in Buffalo depended on keeping 
the supply continuously available in Buffalo. Then, therefore, began the long battle for 
continuity of service, a battle that has been waged not only on the Niagara-Buffalo line 
but on every other transmission line that has gone into service since then. 

In 1896, transmission line equipment was not what it is today. Lightning arresters 
were totally inadequate; the oil switch was not yet known; the insulator was woefully 
defective, and such a thing as reversed power protection was not even dreamed of. The 
experiences of the Niagara-Buffalo transmission were to have a material effect on the 
evolution of transmission technique. 


LIGHTNING 


Lightning was one of the first as well as one of the most formidable enemies that the 
Niagara-Buffalo transmission had to fight. There never has been a complete answer to 
the lightning problem but at that period there was hardly even a beginning to the later 
progress. The bettering of line insulation and construction has been one of the chief 
factors that has reduced interruptions from lightning, Nothing has been developed that 
has eliminated all interruptions from lightning and in my opinion there will be no such 
development. A direct stroke of lightning is almost sure to cause an interruption of 
service on the line affected ; if beyond this, equipment attached to the transmission line is 
not destroyed, the operators may consider themselves fortunate. Direct strokes, how- 
ever, are not common and it is a lucky thing for the transmission of electric power that 
this is the case. But there are severe strains imposed on the insulation of transmission 
lines and the equipment connected thereto whenever lightning occurs anywhere in the 
neighborhood of a transmission line, The severity of these strains depends on the severity 
of the lightning discharge as well as its proximity. Against these indirect effects it is 
possible to secure some degree of protection. In 1896 the amount of protection that 
could be secured was an unknown quantity. 

Alexander J. Wurts of the Westinghouse Company had been doing some valuable work 
on the problem of lightning protection.’ He had developed a so-called “non-arcing” light- 
ning arrester—a series of cylinders made up of metal that would permit the lightning dis- 

*See paper by Mr. Wurts, Trans. A.LE.E. March, 1892 and May, 1894. 
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charges to pass but presumably would prevent the generator current from following. 
These arresters were tried out on the Niagara-Buffalo transmission line with considerable 
hope that they would perform as expected. However, it was soon found that the low 
frequency in use on the Niagara system coupled with the large amount of power in the 
installation back of the line, caused almost a complete failure of the so-called “non- 
arcing” properties of these arresters. An arrester which would operate with perfect 
success on a system of a few hundred kilowatts failed utterly to quench the are when the 


Worts’ Lichtninc ARRESTER AT NiAGARA END oF 
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Niagara generators were back of that arc. This was one of the points where the size of 
the Niagara system introduced a new problem. It was found that in order to make these 
arresters suppress the arc successfully it was necessary to introduce a resistance into 
the discharge circuit to limit the amount of current that could flow. This in turn limited 
the effectiveness of the arresters. 

Both the Westinghouse and the General Electric companies worked ardently on 
this lightning arrester problem but neither was able to produce a complete solution. 
In fact it has always been a serious question in my mind if the lightning arrester on the 
Niagara-Buffalo line accomplished anything at all toward continuity of service. There 
may have been some occasions wlien the arresters took care of lightning surges that might 
have caused damage and interruption of service without them; also there were other oc- 
casions when the failure of the arresters to quench the generator current caused service 
interruptions that would have been avoided if there had been no arresters, The use of 
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lightning arresters on transmission lines is still a mooted question. In general it has been 
found that the higher the voltage of transmission, the less necessary lightning protection 
becomes. With the very high voltage used in some of our latter-day transmissions, the 
voltage strains caused by lightning are but little if any higher than the normal voltage 
strains. The higher the voltage used for transmission, the less necessary becomes 
lightning protection, due to the fact that the operating voltage requires so high an 
insulation. All this, however, was not known in 1896, and we at Niagara had to pass 
through the labor pains of the birth of this knowledge. 

The design and construction of the first Niagara-Buffalo line incorporated one method 
of protection against lightning that proved disastrous. Theoretical considerations indi- 
cated that grounded guard wires over the transmission lines would be effective, at least 
to some degree, in shielding the transmitting conductors from lightning. Three such 
guard wires were installed on the original line. Unfortunately, however, the material 
selected for these guard wires was standard barbed fence wire. So long as the guard 
wires remained intact they were undoubtedly effective to a considerable degree in pro- 
tecting the line. But the material of these guard wires was not equal to the strains put on 
them in this service and occasionally they would break and fall across the transmitting 
conductors below. This would cause a short-circuit and usually a complete interruption 
of service. The worst of it was that often service could not be restored until the broken 
guard wires had been found and removed. Guard wires, therefore, were not found to be 
conducive to continuity of service in this case. After the experience of a few of these 
guard wires being broken, the guard wires were removed, 

In passing, I might remark that this experience has not shaken my faith in the efficacy 
of guard wires as protection against lightning. It is still my opinion that guard wires 
properly installed constitute the best protection available against lightning ; however, 
the “properly installed” should be emphasized, 

To recapitulate, lightning was probably the greatest single cause of service interrup- 
tion on the Niagara-Buffalo transmission, partly because of the severity of lightning 
storms on the Niagara frontier and partly because of the insufficiency of knowledge in 
methods of combating the difficulty. Not a small part of this knowledge resulted from 
our experience on this particular transmission line. While we were not able to obtain 
perfect protection from lightning, the interruptions we were getting at the end of my six 
years’ connection with the Niagara-Buffalo transmission were not so serious as at the 
beginning. We were continually getting the better of the problem of interruption by 
lightning. This is evidenced by a record of more than a year’s operation without a single 
interruption of service from lightning or any other cause—a record that has been made 
by this Niagara-Buffalo transmission. 


LINE INSULATORS 


The line insulator constituted another problem that we on the Niagara-Buffalo trans- 
mission had to meet and meet with but little previous experience to guide us. The early 
transmission lines followed the practise already set by the telegraph. The only previous 
departure from this practise had been the Frankfort-Lauffen transmission in Germany 
during 1891. In that installation, power had been transmitted from a water-power at 
Lauffen to the city of Frankfort—a distance of about 100 miles, 30,000 volts was used 
in this installation—a voltage far above anything that had been used previously. The 
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installation was not intended to be a permanent one. One of its main purposes was to 
advertise an exposition then going on in the city of Frankfort, and it was more or less 
of an experiment. The insulators used on this transmission were provided with an oil cup 
so designed that an oil-covered surface was interposed into the path of any leakage 
current over the surface of the insulator. At that time, it was not considered practicable 
to use any other type of insulator on so high a voltage. It is also noteworthy to 
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observe that in its earlier proposals for the insulators on the Niagara-Buffalo line 
(made either late in 1893 or early in 1894) the Westinghouse Company proposed to use 
similar oil filled insulators. Apparently the oil filled insulator idea was later abandoned 
and both the Westinghouse and the General Electric companies proposed insulators 
of the general type later adopted. This is of interest as indicating the unsettled state 
of the transmission art at this early day. The drift of actual practise has been en- 
tirely away from the oil filled insulator. So far as I know, the Frankfort-Lauffen 
transmission was the only case in which oil filled insulators were ever actually used in, 
power transmission, but they were seriously considered in 1893 or 1894 for use on the 


Niagara-Buffalo line. 
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There were a number of designs of insulators tried out on the Niagara-Buffalo line. 
In every case the material was porcelain, but the shape, size and method of manufactur- 
ing differed. Among other types a large number of porcelain insulators made by the 
dry process were installed. These insulators were more or less porous and after some 
months of operation would absorb enough moisture to become slightly conducting. This 
in turn would lead to the burning of pins, cross arms and pole tops. Many difficulties of 
this nature were encountered and eventually all insulators of this type were taken down 
and rejected. To eliminate insulators of this character we developed the method of soak- 
ing them in salt water, using a salt water bath in which the insulators were partially 
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immersed upside down and then filling the pin hole with salt water and applying the test 
voltage between the water in the pin hole and that of the bath. After this method of 
test had been adopted the defective porous insulators were quickly detected and rejected. 
In all about 40,000 of these dry process insulators were rejected in connection with this 
transmission. In many cases, however, the rejection did not take place until after the 
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insulator had been in service for some time and had had the opportunity to contribute 
its quota against us in our battle for continuity of service. 

. Except for our disastrous experience with these dry process insulators, the porcelain 
insulators we used at Niagara were fairly satisfactory. We knew more about the insu- 
lator problem after our six years’ experience than we did before, of course, and the 
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design and construction of porcelain insulators received a decided impetus from this 
experience. It is worthy of note, too, that one of the modern underlying types of insu- 


a . 1 . ogre . : . + 
lators—the Hewlett-Buck insulator —had it origin in connection with the Niagara- 
Buffalo transmission line. This particular type of insulator was not used, to be sure, on 


this first line but the problems of this line induced its conception. 
SWITCHES AND PROTECTIVE DEVICES 
In 1896, protecting devices for transmission lines were conspicuous by their complete 
absence. The oil switch had not yet been conceived and there was no method known by 


‘ Suspension type now almost universally used on high voltage lines. 
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which a short circuit on an operating transmission line of the capacity we had at Niag- 
ara could be opened without shutting down the entire system. The only overload protec- 
tion we had at the beginning of operations was fuses. It soon developed that the fuse 
under these conditions was a menace and not a protection. The amount of power to inter- 
rupt was so large that the fuses of that day could not begin to interrupt a short circuit 
successfully. After this fact had been demonstrated by several sad experiences, all fuses 
were removed. The only alternative was so to arrange that the entire plant would be 
shut down in case of a short circuit. This was accomplished by causing the field circuit 
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breakers on the generators to trip in case a short circuit came on and persisted. Since 
most of the short circuits occurred on the Niagara-Buffalo line, it soon became necessary 
to separate the transmitted load from the local load so that an interruption on one need 
not involve the other. There were a great many more short circuits on the transmission 
line than there were on the locally supplied load and the local load users objected strenu- 
ously to being shut down every time a short circuit occurred on the transmission lines. 
Hence the separation of the two loads. 

The necessity of shutting down the entire system whenever a short circuit occurred 
pointed strongly to the necessity of securing a switch that was capable of interrupt- 
ing a short circuit. No such switch existed at that time and the problem was put up to 


284 


TRANSMISSION SYSTEM 


the manufacturing companies for solution. The General Electric Company started the 
development of the oil circuit breaker while the Westinghouse Company preferred a 
design that used long air breaks. As development proceeded and experience was accum- 
ulated it was apparent the General Electric Company had chosen the right path in this 
case. While air break switches might be satisfactory on the 11,000 volts that the Niag- 
ara-Buffalo line started with in 1896, it became evident as experience accumulated that 
with higher transmission voltages which was expected to be adopted within a few years, 
the air break switch would not be satisfactory. Even with the 11,000-volt transmission, 
their operation was far from satisfactory. I personally saw its operation on one occa- 
sion when a heavy short circuit caused the opening of one of these air circuit breakers. 
The arcs drawn were at least 6 feet long and maintained for nearly 15 seconds. The re- 
sults obtained were so unsatisfactory that we went back to the method of interrupting 
the entire load in case of trouble. 

One of the earliest models of the oil switch was brought to Niagara Falls by the 
General Electric Company for trial. The early trials indicated that this method of 
attack would be successful—and experience later proved this to be the case. Today, no 
one would think of using anything but an oil switch with voltages and amounts of power 
such as we were dealing with at Niagara. The General Electric Company was the first to 
make a move toward using oil to quench the arc in switching, but soon after it had proved 
successful the Westinghouse Company followed and today not only these two companies 
make this type of equipment, but many smaller companies also. The significant thing 
which I wish to emphasize here is that when the Niagara-Buffalo line began operations, 
there was no known method of successfully interrupting a short circuit. Our only method 
of procedure was to shut off the entire power supply under that condition. It was one of 
the handicaps of being a pioneer in the transmission game. This particular handicap was 
a very serious one since our battle at Niagara was to secure continuity of service. By 
the method of operation we were obliged to adopt, every short circuit on the transmis- 
sion system meant a total interruption of power. It was, therefore, our endeavor to 
reduce the short circuits on the transmission line to a minimum. 

Before leaving the subject of switching, perhaps a word concerning the first switch- 
board installed with the original generators might be in order. One of the items of this 
board was a series of air operated switches. When these switches were designed and built 
in 1894-1895 they were the best that the art afforded. It was confidently expected that 
they would be able to interrupt any load that might be thrown upon them. However, it 
required but a very brief experience after the first generators had been put into opera- 
tion to realize that these switches would be totally useless to interrupt short circuits. 
They were used as synchronizing and disconnecting switches but beyond that they were 
useless. 

In passing it might be observed that this problem of interrupting short circuits on the 
very large capacity high voltage modern transmission lines has proved to be one of the 
most difficult that the transmission engineer has met. The oil switch has proved the best 
means of meeting this problem that has been found, but even the largest and most power- 
ful oil switch made is taxed to its utmost with some of our larger power systems behind it. 
Continuity of power supply requires that some means be used to disconnect defective 
portions of a transmission system and allow the remainder of the system to go on sup- 
plying service to the unaffected portions of the system, The need of such a switch was 


285 


NIAGARA POWER 


recognized in the early days of the Niagara-Buffalo transmission but we had to struggle 
along without it. 
INTERRUPTIONS FROM MISCELLANEOUS CAUSES 


Two other causes of service interruption were met on this Niagara-Buffalo line, viz., 
accident and malicious mischief. While accidents were not common, they did occur 
occasionally. For instance, on one occasion a dredge operating in the canal, along which 
ran the transmission line, raised its dipper into the line, thereby short circuiting the line 
and temporarily shutting off Buffalo’s power. On another occasion, a cat crawled in behind 
the lightning arresters in the step-up transformer station and caused a complete short 
circuit and shut-down. Another very peculiar case occurred when a gang of men were 
cleaning the right-of-way from trees. A tree being felled, struck the end of a crooked 
limb lying on the ground and cause it to ricochet into the air; by an unlucky chance it 
fell across the transmission line and lodged there. The limb was green and just conducting 
enough to carry some current from conductor to conductor. The limb on the conductors 
confined this current to the point of contact and the burning continued until the trans- 
mission conductor itself was entirely burned apart and fell to the ground. This accident 
not only interrupted power supply to Buffalo, but it completely disabled that line until 
repairs could be effected. On still another occasion lightning caused an are to form 
between the transmission conductor where it emerged from the step-up sub-station at 
Niagara and the edge of a metal canopy that had been erected to protect the conductors 
at their point of entry. This arc continued until the conductor was burned in two. 

Some little trouble was caused by malicious mischief makers. The ubiquitous small 
boy found that he could cause a very spectacular display of fireworks by throwing a 
piece of wire over the transmission line. He little realized that he thus deprived momen- 
tarily a whole city of its power supply. Proper co-operation with the local police au- 
thorities along the line reduced this mischief to a minimum. 

I might go on indefinitely giving instances of the difficulties that we encountered on 
this early power transmission. They all lead to one conclusion; we were pioneers and we 
suffered the fate of all pioneers. The road we were traveling was not yet illuminated by 
the light of experience. We had to grope our way. We were not wholly unsuccessful in 
lighting the way for others to follow. The Niagara-Buffalo transmission was a success 
both from a financial and from an engineering standpoint. The battle for continuity of 
service was waged and won. It has always been a matter of no little self-satisfaction that 
we at Niagara have helped to blaze the trail that since then has become a much traveled 
highway, 

DESCRIPTION OF EARLY POLE LINES TO BUFFALO 


The following data regarding the early lines are taken from a paper entitled 
The Electric Transmission of Power from N tagara Falls read by L. B. Stillwell 
before the American Institute of Electrical Engineers at its annual conven- 
tion at Buffalo, August 23, 1901: 


In the first pole line constructed by Mr. J. G. White, the poles were of Canada cedar 
varying in length from 35 to 55 feet and set in the ground to depths varying from 6 to 8 
feet. The cross arms were of Georgia pine 12 feet long and 6 inches in section. The 
poles were spaced about 70 feet apart except on moderate curves where they were 
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somewhat closer. This pole line was designed to carry 12 conductors of 350,000 c. m. 
section. The conductors were of copper having 19 strands and weighing a little more 
than one pound per linear foot. Only six of these conductors constituting two three- 
phase circuits were erected and the conductors of each of these two circuits were 
originally side by side on the upper cross arm. In each circuit the distance between 
the central conductor and each of the other two conductors was 18 inches. Experience 
demonstrated that it was a mistake to place the three conductors constituting a circuit 
on the same horizontal plane and only 18 inches apart as shown on the left in the 
accompanying figure. This arrangement proved very tempting to mischievous boys who 
repeatedly short-circuited the line by throwing across it short pieces of wire which 
they succeeded in lodging across two or more of the conductors. The resulting short- 
circuit continued to blaze along the line until the power was cut off at the falls. The 
arc always traveled away from the power-house. The trouble was finally cured by tri- 
angling the wires bringing them into the position shown at the right of the pole in the 
accompanying figure. 


Cross-arMs oF Poe Line SHowrne Insurarors ty PLAcE 
Left, insulators on horizontal plane; right, insulators 
as rearranged in triangular position 


A new pole line was undertaken in the year 1900 and it was decided to increase the 
potential on the overhead transmission lines from 11,000 to 22,000 volts. ‘The new 
pole line differed radically from the old one. The length of the span was doubled being 
increased from an average of 70 feet to about 140 feet. The unusually close spacing 
of poles in the old line is explained by the fact that it was assumed that during sleet 
storms ice might cover the conductors to a radial length of half an inch, which, if it 
did actually occur, would of course greatly increase the pressure, tending to overthrow 
the line during wind storms, which upon the Niagara frontier are often very severe. But 
experience during a number of winters has demonstrated the fact that ice never adheres 
to the power circuits while they are traversed by the working currents. This result is 
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due in part presumably to the heating effect of the current and in part perhaps to static 
repulsion. It is certain that dry snow is statically repelled by the charged conductors, 
and I think it probable that this effect also helps in the case of sleety rain. In the case 
of the new line, calculations of the effect of wind pressure were based upon the projected 
area of poles, cross arms and conductors, but with no allowance for a covering of ice. 
Experience had shown that mechanically the weak point in the construction of the old 
line was the junction of pin and insulator, and for the new line a new pin and new 
insulator were specially designed. Cross sections of the old and new types are shown 
below. The old pin at the top is but 7% inch in diameter, while the new one is 114 inches. 
On the old pin but six threads engage with the threads in the pin hole of the in- 
sulator while in the new one nine threads are used. It is a singular fact that almost 
every power circuit hereto erected in the United States has used an insulator pin 
of the same diameter at the top as the standard Western Union pin which was de- 
signed for a very different kind of service. Without going further into detail, it is 
sufficient to say that notwithstanding the fact that the length of span is doubled, 
the insulators of the new line are relatively much more securely fixed upon their pins 
than are those of the old line. 

Aluminum conductors of 500,000 c. m. section are used for the new line. The old 
and new pole lines follow the same route from the power-house to a point a short dis- 
tance beyond Tonawanda where they diverge, the new line from the point named to the 
terminal house which is located just inside the city line at Buffalo being approximately 
three miles shorter than the old lines. 
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In a letter to the president of The Cataract Construction Company, 
January 7, 1893, Mr. Stillwell had stated that the efficiency that could be 
guaranteed for the transmission from N ilagara to Buffalo was 88 per cent. 


A comparison of wattmeter readings at the two ends of the line during June, 
1901, showed a net transmission efficiency of 88.4 per cent. 


ToNAWANDA SuB-sTATION Rorary CoNVERTERS, AND 
Morors Drivine Arc-LticHT MAacHineEs 


TRANSFORMERS FOR THE EARLY TRANSMISSION LINES 
The transformers for the original line were of the air-cooled or air-blast 
type and were supplied by the General Electric Company. At the generating 
station the transformers were in pairs transforming from 2200 volts, two- 
phase to 11,000 volts or to 22,000 volts, three-phase, each pair having a 
capacity of 2500 horse-power. 
For the second line oil-insulated water-cooled transformers were supplied 
by the Westinghouse Company. They were in pairs, each pair having a 
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capacity of 5000 horse-power and corresponded in ratio of transformation to 
the transformers already installed. 


CANADIAN POWER FOR BUFFALO: NEW TRANSMISSION LINES 


The first transmission line which began service in 1896 and the second line 
constructed four or five years later for transmitting power from the stations 


TonaWANDA SuB-sTaTION 


of The Niagara Falls Power Company to the city line of Buffalo and thence 
by cables to sub-stations in the city have been described. 

Appreciating the importance of a second source of power on the Canadian 
side of Niagara River, independent of the original plant at the American 
TFalls, as a further assurance of continuity in the supply of electric power at 
Buffalo, an opportunity was availed of to secure a franchise through the pur- 
chase of the control of what was subsequently termed the Canadian Niagara 
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Power Company, and to obtain the necessary consent of the Canadian and 
Provincial governments for the location and construction of the Canadian 
power-house within the limits of the Queen Victoria Niagara Falls Park. 
10,000 horse-power from this plant was delivered January 1, 1905, to The 
Niagara Falls Power Company. 
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Arr-BLAST TRANSFORMERS FOR First Burrato TrANSMIssion LINES 


Taken one week after first power was delivered to Buffalo, November 15, 1896 


The power transmission line on the Canadian side was authorized early in 
September, 1905, as a two-circuit three-phase 22,000-volt line, of an approxi- 
mate capacity of 25,000 electric horse-power by the use of both its 12,500 
electric horse-power units in commercial operation at that time. 

The route of this right-of-way previously purchased in fee, extends from 
the Canadian power-house along the line of the old Erie and Niagara Rail- 
road Company to Fort Erie, Ontario. 
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The terminal station A in Buffalo had at this period about reached the 
limit of its transforming capacity of 40,000 horse-power, 80,000 for distri- 
bution and 10,000 held in reserve to protect the continuity of the service. 

Terminal house B was erected in 1906 to receive the transmission cables 
from the Canadian Niagara Power Company’s plant by pole line along the 
bank of the Niagara River to Fort Erie, where the cables crossed the Niagara 
River on suspension towers and entered the new terminal house. 


Arr-BLAsT TRANSFORMERS AT NIAGARA FOR THE Earby TRANSMISSION TO BurFALO 


The outdoor station, an up-to-date construction, has a capacity of 200,000 
horse-power and facilities of distribution through other sub-stations and many 
miles of conduits and cables. 

The company took over in 1922 the electrification of the streets of Buffalo 


thereby replacing approximately 10,000 lamps of the old system of gas 
lighting. 
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TRANSMISSION LINE ACROSS GRAND ISLAND 


Soon after the Federal Power Commission issued its license’ to The Niagara 
Falls Power Company, March 2, 1921, and thereby confirmed to it the rights 
of water diversion for fifty years, the company proceeded with its contemplated 
development of 200,000 electric horse-power, including a new transmission 


TerMinat Sration (House B), Burraro, wirH 
ry. aaa ry. 
Transmission Tower 


line by way of Grand Island, to Buffalo, a line distance of 10.5 miles from 
the Echota sub-station to terminal C of the Buffalo General Electric 
Company. 

This line is officially described as consisting of two 3-conductor circuits of 
500,000 circular mil copper cables strung on steel poles or towers. At the up- 
per crossing of the Niagara River to Grand Island, the channel span is 1800 


1The Niagara Falls Power Company has the distinction of having received the first license granted 
by the commission. 
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feet and two anchor spans are 960 feet each. The two suspension towers are 300 
feet high and the two anchor towers 65 feet high. At the lower crossing, from 
Grand Island over the United States branch of the Niagara River, to the 
mainland, there are two channel spans of 1600 feet each and two anchor spans 
of 900 and 814 feet respectively. The three suspension towers are 230 feet 
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Nracara To Burrato via GRanp Isntanp, 
Crossinc THE Niacara River 


TRaANsmission Line, 


high and the two anchor towers are 65 feet. The line is operated at 60,000 
volts, at which potential each of the two circuits will carry 65,000 horse-power. 
It is so constructed that with slight changes and additional insulation it may 
be adapted for 110,000 volts, increasing carrying capacity to more than 
100,000 horse-power per circuit. 

The voltage of the Canadian transmission lines to 
1925 from 22,000 to 40,000 volts. 


Buffalo was raised in 
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All of the company’s transmission lines built since the merger in 1918 are 
equipped with suspension insulators. The lines are protected from lightning 
by two steel guard or ground wires attached to the tops of the poles. 

About twice a month a man drives over the right-of-way in an automobile 
and reports in by telephone anything requiring immediate attention. 


Poe Lives From Canavian Power SraTion To Burraro 
Original pole had three pin-type insulators, one on top and two 
on a single cross-arm. Recent reconstruction adds 
two cross-arms and provides for six wires 
supported by suspension-type insulators 


SUBSEQUENT DEVELOPMENT Or TRANSMISSION SYSTEM 


The pioneer transmission lines to Buffalo, which began the delivery of 
power on November 15, 1896, have been reconstructed or replaced as advances 
in the art have permitted the use of higher voltages and the transmission of 
power to greater distances. Wooden poles closely spaced have been succeeded 
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by iron poles and then by steel towers, with their long spans of transmission 
cables. Porcelain insulators were greatly improved in material and form and 
larger pins were adopted. Then at Niagara was developed the underhung 
insulator, making practicable voltages far above the 60,000 or 70,000-volt 
limit fixed by the pin-type insulator, making the greatest step in power trans- 
mission since 1896. 
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Niacara-BuFFraLo TRANSMISSION Circuits REPLACING THE 
OricinaL Woop-po.e LINnEs 


From the initial pole line transmitting during its first year of service a 
thousand horse-power at 11,000 volts, a distance of 22 miles, has grown a 
system of circuits of different voltages for supplying service to an area 300 
miles long and 100 miles wide. 

This high-tension transmission system embraces an aggregate of 1000 miles 
of circuits insulated for 110,000 volts and nearly an equal length of circuits 
insulated for 4000 volts or more. 
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This transmission system is the sine qua non of the effective utilization of 
Niagara power and of the combination of power interests represented in the 
Buffalo, Niagara and Eastern Power Corporation. It makes possible the 
‘combining of physical properties including hydraulic and steam-driven electric 
plants aggregating three-quarters of a million horse-power in serving half a 
million homes. It also makes possible interconnection and interchange of 


Tower Raisine AvTOMOBILE Truck, 1924, anv TRANsMIssion 
Lines rrom Power Sration 


power with other neighboring power systems, in the United States and in 
Canada. The extent of the transmission system controlled by the Buffalo, 
Niagara and Eastern Power Corporation, as well as the ad joining systems 
with which it may be interconnected, are shown on page 354, Chapter XVI, 
Volume One. Further details with regard to the power-plants, transmission 
lines and distributing systems of the company will be found in the first annual 
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report of the company, a portion of which is reprinted in Chapter XVI, 
Volume One. 

The present transmission system is simply an expansion and extension of 
the method employed on the first Niagara-Buffalo transmission line, the 
original line for the first large scale commercial use of polyphase current for 
power transmission. The original choice of this method has been justified not 
only in its use in the growth and development of the Niagara system, but in 
its universal use throughout the world. Furthermore, no method is known by 
which power transmission and distribution, on the scale it is conducted today, 
could be carried on, other than that which was initially selected for Niagara. 


Crrcuits From Nracara Powrr-Howsk, 1925 
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LIGHT, HEAT, POWER 
KLECTROCHEMICAL AND METALLURGICAL 
INDUSTRIES 
CHAPTER XXVI 


ODAY, all of the Niagara power-plants are linked together for service 

as a gigantic operating unit. Their output is measured in billions of kilo- 

watt hours per year. This vast reservoir of power grows greater each year as 

new applications of electricity are developed and the constant load is raised. 

The Niagara power system is interconnected with other great power sources 

to the north, the east, the south and the west and constitutes the hub of a co- 
ordinated international super-service totalling two million horse-power. 

According to reiterated published statements it long has been the purpose 
of the Niagara power system “‘to render the most dependable service, to the 
greatest possible number of people, within economical transmission distance, 
at the lowest cost consistent with fair wages to the labor and the capital 
employed.” 

The use of Niagara power now is about equally divided between direct and 
indirect service. By direct service is meant the ordinary applications of elec- 
tricity in the home, the office, the store, and the factory for light and power. 
Indirect service is the use of electricity in the field of electrochemistry, pro- 
ducing basic materials which are essential to the successful operation of other 


industries. apy eee 
DIRECT SERVICE 


More than two million people live in the seventeen counties embraced in 
the area now reached by Niagara power. About one-half the population of the 
Empire State, outside of Greater New York, draw their electric service from 
this great pool of power by the simple pressing of a button, or by the closing 
of a switch. It serves, without favor, communities large and small. It lights 
with equal brightness the city street and the rural highway. It lessens labor 
on the farm, and helps to solve the servant problem on the avenue. The 
humblest home and the proudest palace are alike well served. It cooks and 
cools, washes and irons, cleans and scrubs, saws the wood, milks the cows, 
pumps the water, and works its wonders in a thousand ways for the multitude 
of people it serves. 

So wide-spread is the use of Niagara power today, and so diversified its 
applications, that it is impracticable to attempt to tell in detail about the 
customers who receive direct service. Large cities like Buffalo and Syracuse, 
other cities like Auburn, Jamestown, Dunkirk, Lockport, Niagara Falls and 
Batavia; and hundreds of lesser cities, villages, and towns all look to Niagara 
for dependable electrical service. 
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Burrawo’s Basic InvustTRIES 


A Donner Steel Company 
B_ National Aniline § Chemical Company 


C Dunlop Tire & Rubber Company 


Burrawo’s Basic IxpustRriks 


E Wire Wheel Corporation of America 


F The Pierce-Arrow Motor Car Company 
G American Radiator Company 


NIAGARA POWER 


The largest retail distributor of Niagara power is the Buffalo General 
Electric Company. On December 31, 1926, its domestic and commercial users 
numbered 162,067 with a total connected load of 515,254 kilowatts. The 
entire continuous load of the Buffalo district is supplied from Niagara Falls, 
only the peak loads being carried on a steam electric station, which also serves 
as a standby station for emergency service for the Niagara system. 

The Syracuse Lighting Company serves a population (December 31, 1926) 
of 265,000 people through 59,707 meters with a connected transformer ca- 
pacity of 100,803 kilowatts and obtains its entire electrical supply from the 
system of the Niagara, Lockport and Ontario Power Company, the wholesale 
distributors of Niagara power. 

Other large retail distributors of electrical energy, purchasing substantial 
blocks of power from the Niagara, Lockport and Ontario Power Company, 
are the Western New York Utilities, Incorporated, of Batavia; Rochester 
Gas and Electric Corporation of Rochester: Empire Gas and Electric Com- 
pany, operating in Geneva, Auburn, Seneca Falls, Lyons and adjoining 
territory; and New York Central Electric Corporation, operating in Hornell, 
Warsaw, Perry and nearby towns and villages. 

At the end of the year 1926 Niagara power was sold in bulk to 27 dis- 
tributing utilities, 17 municipalities, 17 electric urban and interurban rail- 
ways, and furnished lighting for 28 cities and villages and 61 lighting districts, 
through the agency of the Niagara, Lockport and Ontario Power Company. 

To render this direct service reaching 80 per cent of the 500,000 homes 
located in the Niagara power zone, some 300 miles from east to west and 100 
miles from north to south, there is employed a network of transmission lines 
which blankets western and central New York State. This system has approxi- 
mately 2000 miles of transmission circuits insulated for high voltages. 

Wherever Niagara power has gone the use of electricity has increased and 
its cost has decreased. 

Buffalo has relatively the greatest annual kilowatt hour consumption of 
electricity for domestic use of any city in New York State if not in the entire 
United States. During 1926 it averaged 734 kilowatt hours per domestic user. 
The domestic service in Buffalo was rendered at a cost to the consumer 
of an average of $.0344 per kilowatt hour. In other words the average cost of 
electricity per wired home in Buffalo was $25.25 for an entire year’s service. 

The influence of cheap Niagara power is also reflected in the ordinary 
commercial and industrial uses in the Buffalo district which produces a great 
diversity of fabricated products, Sixty-four per cent of the articles enumerated 
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in the United States Census of Manufactures are made on the Niagara 
frontier. The high ratio of power to worker is reflected in high production 
and increased earning power of labor. 

In a condition of society where each man’s livelihood depends upon his own 
unaided efforts, the state of civilization necessarily must be low, and the 
majority of the people in poverty and misery. 

Conversely, the state of civilization will be the most advanced, and the 
general well-being the greatest, where the ratio of usefully employed power 
to population is the highest. Such a condition obtains in the Niagara zone. 


INDIRECT SERVICE 

Synchronous with the development of hydro-electric power at Niagara was 
the discovery and laboratory development of many materials that are now 
essential basic materials in American industry. Aluminum, artificial abrasives, 
calcium carbide, artificial graphite, ferro-alloys, and many other now common 
things were only laboratory curiosities when work was started upon the large 
scale production of Niagara hydro-electric service, during the last decade of 
the last century. 

Such an authority as Frank J. Tone, president of the Carborundum Com- 
pany said: 

The development of Niagara power in 1895 marked the beginning of the electric 
furnace art. It stands today as one of the big factors in our industrial life. Up to 1895, 
when Charles M. Hall came to Niagara, the aluminum industry depending on steam 
power had given little promise of commercial success. Its almost incredible development 
has been due to the impetus of Niagara power. Dr. E. G. Acheson with a 150 horse-power 
furnace operated by electric power generated from steam had made a commercial failure 
of carborundum. Coming to Niagara in 1895 he was at once enabled to found the artificial 
abrasive industry. Willson, the inventor of calcium carbide, was working at Spray, North 
Carolina, with a 200 horse-power furnace. Today there are furnaces at Niagara making 
as much carbide in a day as the former furnace produced in a year. 

With the technology of these great industries—aluminum, calcium carbide, abrasives, 
ferro-alloys, silicon and graphite—all are familiar, but few realize their economic im- 
portance or to what extent the industrial and the metallurgical arts are indebted to 
Niagara power for their development.’ 


While the ordinary uses of Niagara electricity, which are made available by 
public service companies, are familiar to all the world and the value of such 
uses is recognized and appreciated, the indirect service through the production 
of basic materials by the electrochemical industries is just as efficacious and 
more far-reaching. | 

Electrochemical plants may be divided into two general groups—those 
employing electrothermic processes and those using electrolytic processes. 


1 Transactions of the American Electrochemical Society, Volume XXIX, 1916. 
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The electrothermic process uses a high temperature in an electric furnace 
to combine two or more natural elements to produce a new product; for ex- 
ample, carborundum is carbon and silica fused. 

The electrolytic process uses electricity to break down a natural element 
producing two or more new materials; for example, caustic and chlorine are 
produced by the disintegration of salt. 

Practically all the electrochemical industries demand a constant twenty- 
four hour supply of electricity. Whereas in ordinary manufacture, power 
represents less than two per cent of the total fabricating costs, it frequently 
mounts up to from 20 to 40 per cent of the total costs in the electrochemical 
industries. 

Niagara is the greatest single source of constant water-power in the United 
States. Here is power stupendous in magnitude, easily developed, at a con- 
struction cost so relatively low that electric energy cost to customers is the 
very lowest. 

Niagara was a magnet to which was attracted the new born of the electro- 
chemical family. 

Electrochemistry has wrought an industrial revolution. Its processes have 
more or less completely displaced the older, slower and more costly chemical 
methods employed in the manufacture of such things as caustic soda, chlorine 
and phosphorus compounds, or the isolation of such metals as sodium, potas- 
sium, calcium, magnesium and aluminum. 


ALUMINUM 


The first to seek this cheap and dependable power source was the aluminum 
industry. On February 10, 1886, Charles M. Hall, after many months of ex- 
perimenting, succeeded in producing electrolytically the first globules of 
metallic aluminum, and within the same month (I*ebruary 23) made an addi- 
tional discovery that established the basis of his renowned invention. It 
was not until 1888, however, that production on a commercial scale was 
attempted in a small plant in Pittsburgh employing five workmen. The de- 
velopment of the demand for aluminum, and the expansion in the development 
of an abundant and reliable supply of low cost hydro-electric energy at 


‘It is an interesting coincidence that in February and March of 1886 three enterprises had birth, each 
of which, developing independently, were united nine years later for the furtherance of one great 
purpose. In the month following Mr. Hall’s discovery (March 16, 1886), Stanley’s alternating-current 
plant for experiment and demonstration’ began operation at Great Barrington, Massachusetts (see 
Chapter XXII, page 187, Volume II) and on the 31st of the same month, the New York State Legislature 
granted the charter which was the legal beginning of The Niagara Falls Power Company. (See Chapter XI, 
Volume I.) In the summer of 1895, The Niagara Falls Power Company began commercial operation gen- 
erating alternating current and its first customer was the Pittsburgh Reduction Company, manufacturing 
aluminum by the Hall process. ‘ 
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Niagara brought about the natural result of a transfer of operations from 
Pittsburgh to Niagara Falls of the Pittsburgh Reduction Company, now the 
Aluminum Company of America. It was on August 5, 1895, that the first 
aluminum was made at Niagara—that being the first use of Niagara power in 
the electrochemical industry. A year later the capacity of the first plant was 
doubled and a second plant built. Later still another plant was erected and 
the capacity of all plants has multiplied many times since. 

Aluminum is produced by the following process which emphasizes the 
necessity for continuous, reliable and low cost electric energy. 

The ore, bauxite, having been refined or concentrated to the oxide of 
aluminum, commonly termed alumina, is reduced in a large rectangular pan- 
shaped electric furnace lined with carbon. Into this furnace is first intro- 
duced a bath or dissolving medium, consisting of cryolite, which is sodium- 
aluminum fluoride. Large carbon rods, which constitute the anode, are 
lowered into the furnace to within a short distance of the carbon lining, which 
constitutes the cathode. Electric current is then turned into the furnace and 
an are is created between the anode and cathode, the heat from which melts 
the bath. Alumina is then introduced into and dissolved by the bath. The 
same electricity which affords heat for keeping the bath molten, also elec- 
trolyzes the metallic aluminum out of the bath and alumina solution, with 
the result that aluminum is deposited on the cathode, that is, the bottom of the 
furnace, from which it is drawn off periodically. The process is continuous, 
no interruptions occurring until some portion of the apparatus becomes so 
worn as to necessitate repairs. As the aluminum is electrolyzed out of the bath, 
further alumina is introduced, and as the bath becomes weakened, other 
cryolite is introduced to maintain the bath at its proper strength. The alu- 
minum is drawn off into pigs, which are remelted and cast into small casting 
ingots or ingots designed for rolling purposes, and the rolling ingots are there- 
after rolled into the aluminum sheets of commerce. 

No industry depends exclusively upon aluminum unless it be that of cook- 
ing utensil manufacture, in such factories as produce nothing but aluminum 
utensils. It would, however, be practically impossible to eliminate aluminum 
from the world of metallurgy today, since it has become the principal light 
metal of commerce. 

Perhaps the industry most dependent on aluminum production is the auto- 
mobile industry, which consumes, at the present time, about 40 per cent of the 
entire aluminum production of the country. In this connection, it is used not 
only in the production of high-class bodies, but also for numerous castings in 
connection with the engine and transmission equipment. Another industry 
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largely dependent upon aluminum is that of aeroplane manufacture. The 
present advanced stage of aviation would not have been attained had there 
not been available aluminum and its various alloys. The steel industry is 
perhaps the next largest consumer of metallic alluminum in the shape of small 
notch bar and granulated metal. Here, it is used as a deoxidizer, and our 
present well-known high-grade steels would be impossible without the addition 
of aluminum to the crucibles before pouring. 

Considerable aluminum is being used in the production of light alloys of 
widely varied composition. A large percentage of the metal is used in the 
cooking utensil industry, where it has come to be the ranking metal, as it 
affords immunity from poisons, and is light and durable. In this use, alone, it 
has been, and will continue to be, a great benefit to mankind. 

The development of aluminum castings has opened up a comparatively new 
field, whose limits are at present entirely unknown, since several large con- 
cerns are limiting their operations entirely to the production of aluminum 
castings. For this work, they are supplied with various sizes and shapes of 
notch bar. 

The newest industry dependent on aluminum is that of aluminum die cast- 
ings. This industry is still in its experimental stage, but rapid development 
is expected in the near future. 

The uses of aluminum are almost innumerable. One of the most important 
is that of electrical conductors. Large quantities are used in wire and bus-bar. 
Another important use is in aluminum foil, which is very largely supplanting 
tin foil as a wrapper for materials affected by atmospheric moisture. This list 
might be continued indefinitely, but we have only to look around to appre- 
ciate that aluminum is next to steel in importance in our every-day life. 

Continuous electrical energy throughout the entire 24 hours of each day, 
and for the full 365 days in the year, is absolutely essential for the production 
of aluminum, and the aluminum industry being one of the largest users of 
continuous electrical energy, could not have attained its present proportions 
without a reasonably cheap and thoroughly reliable supply of electricity, 
such as is found at Niagara Falls. A shortage of power for a small length of 
time is sufficient to freeze up the pots, resulting in their premature renewals 
at much expense in labor and time. A slight lowering of the amount of 
electrical energy will cause a chilling of the furnace, resulting in the decreased 
output and increased operating difficulties. This is apparent when one con- 
siders that the normal temperature of the bath in these furnaces is exceedingly 
high, and the range between freezing temperature and that of favorable 
operation is very slight. 
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ABRASIVES 


The next industry to come to Niagara Falls because of cheap and reliable 
Niagara power was the Carborundum Company. 

It is a far cry indeed from the early historic days when Edward Goodrich 
Acheson made carborundum in an electric furnace fashioned from a small iron 
bowl, such as plumbers use, to the present time when electric furnaces 50 feet 
long use 2000 horse-power constantly for 36 hours to complete a furnace run. 


A CarporuNpDUM Furnacrk, Propuctinc THE MANUFACTURED ABRASIVE CARBORUNDUM 


Resistance-type furnace using 2000 horse-power ; size of carbon conductor 500 square inches; 
area occupied by furnace, 560 square feet; temperature 4000 degrees Fahrenheit 


The first carborundum sold for $440 a pound and its only market was in 
competition with diamond powder for gem polishing. 

Acheson’s experiments were carried on at Monongahela City, Pennsyl- 
vania. In order to obtain a steady supply of electric current an electric light 
company was organized, and the enterprise lost money steadily. Finally the 
company was using 135 horse-power of electricity and producing at the rate 
of 45 tons per year. 
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How often it happens that two movements, unknown to each other and 
widely separated, start in a feeble way, plod along slowly but with increasing 
impetus, until they seemingly just happen to meet at the exact moment when 
each needs the aid of the other! 

Here and there over the country men of science were working in their 
laboratories directing their thoughts to the development of nature through 
electricity, while at Niagara another set of men were directing their thoughts 
to the development of electricity through nature. 


Bartrery or Arc-1icut Furnace Propucine THe ABRASIVE ALOXITE 


Temperature 3000 degrees Fahrenheit 


Just at the time when cheap electricity became a necessity to the field of 
chemistry, it became an accomplished fact at Niagara. 


In 1894 the Carborundum Company made a long term contract to use and 


pay for 1000 electrical horse-power. This was eight times the amount of 
power used at Monongahela and meant twenty times the output. 
Time has justified the faith of these men. Today the Carborundum Com- 
pany plant uses 20,000 electrical horse-power and employs 2000 men. 
Niagara electric furnace abrasives have revolutionized the business of grind- 
ing and polishing. The great metal working industries turning out thousands 
of agricultural implements, locomotives, cash registers, firearms, milling 
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machinery, automobiles, printing presses, depend upon artificial grinding 
materials for that precision in grinding that makes possible the interchange- 
ability of parts. Production-time and costs are cut, production is increased, 
the product is bettered, the earning power of labor is raised, by these 
abrasives. 

It is no exaggeration to say that if the automobile manufacturer was forced 
to go back to the old grindstone and at the same time was deprived of high 
speed steels and aluminum which are likewise made possible by Niagara 
power, the plant and men which now produce 500 cars a day could only 
produce 100. And, the hundred would be twice as heavy and cost two or three 
times as much as the present car. 

Truly, modern personal transportation, as embodied in the automobile of 
today, would not exist were it not for the electric furnace products made com- 
mercial by Niagara power. 

FERRO-ALLOYS 


Since the advent of Niagara power in 1895, a large industry has developed 
which furnishes to steel makers alloys of iron with some of the rarer metals, 
in order to introduce these metals into steel. 

Such alloys are known as ferro-alloys, because they all contain iron 
(ferrum) ; some, however, contain more of the rare metal than iron. They 
originally were made in crucibles, cupolas, or blast furnaces, but now they are 
made almost entirely in electric furnaces. 

Great economies in production are offered by the electric furnace in the 
manufacture of ferro-alloys over the older blast furnace and crucible methods. 
The high temperatures available in the electric furnace cut down slag losses, 
makes available a much higher percentage of the metal in the ore, and so 
offsets its relatively higher cost of operation. 

Steel makers use ferro-alloys for two purposes, mainly: (1) as reagents 
to take oxygen out of melted steel, and thus insure sound, solid castings; or, 
(2) to put into the steel a percentage of the rare metal to impart to the steel 
some characteristic which otherwise it would lack. 

Ferrosilicon, ferromanganese and ferroaluminum are the principal reagents 
used for driving oxygen from molten steel. Oxygen, if not removed, causes 
cavities or blowholes in castings. 

Ferromanganese is extensively used because of its relative cheapness; ferro- 
silicon is more effective but costs more than ferromanganese; ferroaluminum 
is even more powerful but still more costly and is usually employed in very 
small quantities to complete the action of silicon and manganese. 
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To point the practical application of the foregoing: by removing the Pin 
from steel, it is possible to have an automobile axle about the size of a man's 
thumb but with the same strength as an axle twice the size made from ordinary 
carbon steel that has not been deoxidized. 

The second great use of ferro-alloys is in the making of special steels with 
peculiar qualities not possessed by plain carbon steel. For example, the addi- 
tion of 15 per cent manganese makes a very tough, hard steel from which to 
make burglar-proof vaults, mining, grinding and crushing machinery. 
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Two to four per cent of chromium makes a very hard tool steel; 15 to 20 
per cent of tungsten makes a high-speed tool steel which cuts very rapidly and 
which continues to cut even when red hot from friction. Molybdenum acts 
similarly to tungsten and is used for making steel for the lining of the big 
guns for the army and navy. 

Vanadium adds a shock-resisting quality to steel and js used extensively 
in steel for automobile construction, especially for axles and crankshafts. 
Ford is said to have been the first American automobile manufacturer to use 


vanadium steel. It played a big part in his development of a light but strong 
vehicle. 
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Ferro-alloys made at Niagara Falls include: 


Ferro Silicon Ferro Tungsten 
Ferro Chromium Ferro Molybdenum 
Ferro Carbon Titanium 


These products of Niagara electric furnaces are exceedingly important ma- 
terials in all the industrial life of the world. They are practically indispen- 
sable to the steel industry as now constituted. In addition to the uses already 
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mentioned ferro-alloys are absolutely essential to the production of modern 
shell steel, armor plate, projectiles, non-rusting steel, magnet steel, edged 
tools of all sorts, high-speed tool steel, electrical apparatus, modern type- 
setting and printing machinery, and hundreds of other articles of daily use in 
the factory, the office and the home. 


SEAMLESS IRON TUBING MANUFACTURED 


Probably the most important of the recent installations of electrometal- 
lurgical processes is that of the Niagara Electrolytic Iron Company. 


old 
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_ This company is engaged in the manufacture of seamless tubing of pure 
iron, made by an electroplating process similar to that which has been in suc- 
cessful operation for several years at Grenoble, France. It is able by this 
method to produce thin-walled seamless tubing outside the range of ordinary 
tube-making processes, and which at the same time possesses an unusually 


{LECTRIC STEEL MELTING Furnace. Oris Etrevaror Company, 
Moore System. OcrozeEr, 1926 


high ductility and is relatively free from corrosion. These peculiar properties 
are due to the exceptional purity of the iron produced, which tests better than 
99.95 per cent pure. 

The process now in use employs pig iron and scrap iron as sources of raw 
material; however, the company has another process of manufacturing tubing 
directly from iron ore which it expects to put in operation a little later. 

The company has a long term contract with The Niagara Falls Power 
Company for 6750 electrical horse-power. Its present installed capacity is 
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14,000 pounds of pure iron tubing per day, but the works have been designed 
for an ultimate output of 40,000 pounds per day. 


HIGH-GRADE STEEL PRODUCTS 


The electric steel melting furnace (Moore System) shown in the illustra- 
tion on page 316 and used by the Otis Elevator Company is typical of several 
installations in and about Buffalo operated by Niagara power for the produc- 
tion of steel castings and other high-grade steel products. 

The capacity of this furnace is three tons per heat requiring two-and-a-half 
hours per heat, or an average rate of production of one ton per hour, allow- 
ing for pouring and charging time. 

The maximum energy demand is about 900 kilowatts normally. Fluctuating 
peaks run as high as 1200 kilowatts. The power consumption averages 550 
kilowatts per ton. 

The electrodes used are manufactured at Niagara Falls by the Acheson 
Graphite Company, are 10 inches in diameter and are consumed at the rate 
of about 4 pounds per ton of steel melted. 

The material used in the production of steel, such as silicon, nickel, chrome 
and manganese are produced at Niagara Falls by Niagara power. 

OTHER PRODUCTS 

In addition to aluminum, abrasives and ferro-alloys, Niagara power is used 
extensively in the production of sodium, silicon, magnesium, potassium, phos- 
phorus compounds, graphite and in the fixation of atmospheric nitrogen. 

Silicon is used principally in the preparation of special alloys and in the 
generation of hydrogen. Silicon is produced from a charge of sand and coke 
in an are-type electric furnace, requiring about 1200 electrical horse-power. 
High silicon steel is used in great quantity in the manufacture of electrical 
transformers. 

Sodium is a metal with which the general public is little familiar. It is ob- 
tained by electrolysis of fused caustic soda, or fused common salt. This metal 
is light in color and relatively soft in substance. Its chief uses are in the manu- 
facture of bearing metals, indigo and dyestuffs, in alloys, metallic cyanides, 
and sodium peroxide. Sodium cyanide is used for the extraction of gold and 
silver from ore of low grade, for electroplating, case-hardening, and for 
fumigation of trees, greenhouses, mills, ships and railway cars. Sodium per- 
oxide is used for bleaching, in the generation of oxygen, and in the manufac- 
ture of hydrogen peroxide, and of other peroxides. 

The science and application of electrolysis and electrothermics are so very 
extensive, and are evolving so rapidly, that it is impossible ever to have a 
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complete up-to-date review of the subject. This is particularly so because 
many of the late developments are secrets which are most closely guarded. In 
this work, therefore, reference is made to only the more common processes and 
products. Free use is made of information gleaned from published works and 
articles in the technical press written by leaders of the electrochemical industry. 


MAGNESIUM 

The commercial manufacture of magnesium in the United States made 
little progress until the World War. Metallic magnesium had been isolated 
some years before the isolation of aluminum. The latter forged to the front 
ahead of magnesium for many reasons—alumina is more abundant and is more 
easily reduced to ingot form than is magnesium. 

The process used in the production of commercial magnesium is based on 
electrolysis in a bath of fused salts. The raw material used is magnesium oxide 
obtained by the simple calcination of natural magnesium carbonate. Elec- 
trolytic decomposition of the oxide is carried on in a bath of fluorides. The 
process is continuous, and is similar to the oxide process so extensively used 
for the electrolytic production of aluminum. 

Magnesium is lighter than aluminum. It can be alloyed with many other 
metals. At present it finds its greatest use in the manufacture of light-weight 
castings, light-weight alloys, for deoxidizing, for hardening of lead and anti- 
friction alloys, and in brasses and bronzes. 

The first use of magnesium was for photographic flash-light powder. During 
the World War it was used in great volume in the making of tracer ammuni- 
tion, for military and commercial pyrotechnic signals, and as a pigment for 
paint. 

Magnesium is produced in ingots, sheets, plates, rods and other extruded 
forms for commercial use. It is also made in wire, ribbon, and powder for 
chemical applications. 

The market for magnesium in volume is just being developed but there is 
no doubt it will displace other metals for many purposes where a light-weight 
yet strong metal is needed. It has already found its place as shuttles and 
bobbins for textile machinery; parts for knitting machines; lens mountings 
and camera parts; field glasses; parts for precision and surveying instru- 
ments; artificial limbs; golf club heads; dental tool handles; screw machine 
products; automobile and airplane parts; and as a substitute for horn in such 
articles as combs and buttons. 


CALCIUM CARBIDE 
In the manufacture of calcium carbide the materials used are lime and coke 
in an electric furnace of the are type. The operation of these furnaces at 
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Niagara is continuous, and requires many thousands electrical horse-power 
per unit. There are single furnaces 30 feet square and 15 feet high which 
utilize 20,000 horse-power, and the electrodes which lead the current into the 
furnaces weigh several tons each. 

Calcium carbide and the great industry that has developed through its 
manufacture owe their existence to an accidental discovery made in 1892 at 
an aluminum works in Spray, North Carolina. At that time an effort was 
being made to reduce lime by carbon in order to make calcium, which it was 
hoped would prove an aid in the reduction of aluminum. While these experi- 
ments were in progress, it was discovered that the carbide product gave off an 
inflammable gas when it came in contact with water. An analysis resulted 
in its recognition as calcium carbide, an article of great commercial value. 
Calcium carbide furnishes upwards of five cubic feet of acetylene gas per 
pound. This gas burns with a soft, steady, brilliant flame. 

Acetylene gas is used in oxyacetylene cutting and welding operations, and 
for special illumination installations such as lighthouses, buoys, searchlights, 
signal lights, mining lamps, and for domestic illumination. 


GRAPHITE 


In the ordinary are lamp used for street lighting the amount of electrical 
power which is converted into heat between the points of the carbons is only 
about one-half horse-power, and yet at that point in the incandescent vapors 
of the are a temperature of about 7500 degrees Fahrenheit is maintained. 
Particles of sand, alumina or iron placed in the are disappear almost instantly, 
like so much moisture. 

Examined through suitable magnifying glasses, the points of the two 
carbons look like the craters of miniature volcanoes, with the impurities of the 
carbon bubbling up over the surface and disappearing in the incandescent 
vapors of the are. 

This, on a small seale, is an electric furnace. 

In the production of artificial graphite the furnace used is a long, narrow 
trough or box of refractory material, with a large terminal at either end, cor- 
responding to the two carbons of the arc lamp. The material to be treated, 
which is some form of carbon, usually coke or anthracite coal, and is itself a 
conductor of electricity, is crushed to a granular form and loaded into this 
trough in the path of the current of electricity between the two carbon 
terminals. 

Instead of a big are, therefore, between the two terminals, the arc is broken 
up and subdivided by the intervening particles, and the charge is subjected 
to the heating action of an infinite number of smaller arcs, expending an 
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aggregate amount of energy of 2000 horse-power, or corresponding to the 
heat developed by 4000 arc lamps. The whole interior of the furnace becomes 
a mass of infinitesimal arcs and incandescent particles. 

It is hard to conceive the temperature attained. Here all materials except- 
ing carbon are vaporized, and at this high temperature even the carbon under- 
goes a change and forms pure graphite. 

Many and varied are the uses to which artificial graphite is put. It occupies 
a great place in the field of lubrication. Crushed and separated to the most 
minute particles, it is mixed with water, and with oil and with grease to form 
the Dag Family of lubricants known as Aquadag, Oildag and Gredag. It is 
formed into electrodes for electric furnaces and for electrolytic cells; it is used 
for making dry cell batteries; for lead pencils; for stove polish; for gun 
powder; for hard rubber; for brushes; for resistances; and for a multitude of 
other uses. 

CHLORINE 

One of the largest users of Niagara power is the chlorine industry. This 
story of chlorine might be captioned “the romance of a grain of salt.” 

While there is some variation in the particular processes used by the dif- 
ferent companies, in general the method of procedure is as follows: 

A saturated solution of common salt is run into a series of electrolytic cells. 
In these cells a graphite electrode is surrounded by a large tube and the an- 
nular space between is filled with brine. The tube is surrounded by another 
or cathode tube. The current of electricity disintegrates the brine. Chlorine 
gas rises in the inner tube and is piped from the cell system. As it leaves the 
cells itis very moist and is carried through vitreous pipes to the liquefiers. These 
are a sort of pump which puts the gas under pressure when it takes the form 
of liquid chlorine. In this form it is put into steel cylinders and shipped over 
the world to be used for the purification of the drinking water supplies of the 
vast majority of cities and villages. Its use has brought about the practical 
elimination of typhoid fever in nearly all American communities. 

Instead of being liquefied, the gas may be led to chambers containing 
slacked lime which absorbs the chlorine gas and forms bleaching powder. 

Chlorine gas was the basis of poison gases used during the World War. 
It was also used in making cloud gas, smoke screens, disinfectants, sterilizers, 
explosives, picric acid, airplane waterproofing, chloroform, and a preventa- 
tive of blood poison from infected wounds. 

The liquid that remains in the cell is caustic soda. It js drawn off from the 
cell to multiple-effect vacuum pans or evaporators which remove the excess 
of water, reducing the caustic to a heavy liquid or to a solid. 
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So the ordinary table salt, passed through an electrolytic cell, goes out into 
the world to serve a great variety of needs. As liquid chlorine it is used in 
water purification, in textile bleaching, in paper and pulp bleaching, in sewage 
sterilization, in metallurgical processes, and in miscellaneous chemical manu- 
facturing processes. 

In the form of caustic soda, the transformed salt takes its part in soap 
making, paper making, glass making, in the manufacture of greases and lubri- 
cants, in oil refining, in the textile industry, and in countless other processes. 


MISCELLANEOUS 


Among the lesser products, lesser in volume but none the less important in 
their functions, are the following: 

Fused alumina which is used as a refractory in high temperature furnaces, 
and for pyrometer tubes, crucibles, combustion boats, filtering devices, 
cements, cores and tubes in foundry work. 

Silicon carbide is used as a refractory brick and muffle in electric furnace 
operations. 

Sodium bichromate and potassium bichromate do their duty in the tanning 
of leather, as mordant in cotton dyeing, in the manufacture of dyestuffs as 
alizarine, in the preparation of dry chrome colors, in the manufacture of ferro- 
chrome and as an oxidizer. 

Among the great family of chemicals we also have chrome alum and 
chromium sulphate and chromic acid, all used in the leather industry for tan- 
ning purposes. 

Then there is paraformaldehyde and trioxymethylene which are used as dis- 
infectants, for dyestuffs, for phenolic resins and drugs. 

Methy] alcohol serves as a solvent and in the manufacture of dyestuffs and 
formaldehyde. Methyl acetone is a solvent and paint remover. 

Hydrochloric acid is used for pickling, cleaning and for chemical and 
laboratory processes. 

Carbon tetrachloride is used as a fire extinguisher, as a solvent and as a 
cleaning compound. 

Other important chemicals produced by Niagara electric power are: 

Sulphur chloride for vulcanizing rubber and for poison gases. 

Caustic potash in the making of special soaps, lubricants, synthetic dye- 
stuffs, toilet and laundry preparations, and for wool scouring. : 

Phosphorus compounds for matches, for phosphor bronze, for medicinal 
chemicals and hypophosphites. 
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Potassium perchlorate for pyrotechnic signals and barium chlorate for the 
same purpose. 

Electricity is also used for the hydrogenation of vegetable oils transforming 
them into forms for use as vegetable stearine. 

Cyanamid is another product of the electric furnace process which has a 
large field of service. This process involves the fixation of atmospheric 
nitrogen in lime or other carrier. This product is then used as fertilizer and in 
the manufacture of sodium cyanide, aqua ammonia, nitric acid, and many 
other things. 

The war which the fruit raisers have successfully waged against the insects 
and other orchard pests has been won by the use of these products of fixed 
atmospheric nitrogen. 

NIAGARA POWER IN LOCAL AND IN WORLD-WIDE SERVICE 

The division of the output of the power-plants of The Niagara Falls Power 
Company in kilowatt hours for a period of a year indicates that about one-half 
of the electricity generated goes into direct service over a large area of western 
and central New York State. The other one-half of the kilowatt hours pro- 
duced serves the entire world through its utilization in the electrochemical 
and electrometallurgical industries which produce the many prime materials 
so essential to the continued progress of industry not only in the United States 
but throughout the world. 

During the year 1926, 135,000 kilowatts were used constantly in general 
public service and about 30,000 kilowatts for miscellaneous public service in 
the State of New York; and the metals and alloys industries used about 
120,000 kilowatts; chemicals about 45,000 kilowatts; abrasives about 20,000 
kilowatts; electrodes about 15,000 kilowatts. 


FROM MECHANICAL TO ELECTRICAL POWER 

This review of the uses and the products of Niagara power reveals the great 
romance of recent scientific and engineering progress and presents the 
marvelous achievements which have quickly come from simple beginnings. 

The ideal of the pioneers who proposed the hydraulic canal in the ’40’s and 
the discharge tunnel in the ’80’s, the projects which have developed into the 
present power system, was the water-wheel driving the mill—just like the 
sawmills and the grist-mills along the upper rapids a hundred and fifty years 
ago, only on a larger scale. 

But the magic touch of electricity in a few short years transmuted the force 


of falling waters into a thousand wonders, performing service in a thou- 
sand ways. 
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These have been quickly incorporated into the fabric of our modern life; 
they are accepted as commonplace. Only a few score years ago they were 
beyond the dreams of the bold pioneers of Niagara, and the imagination of 
the Jules Vernes of those days, and they were then beyond the range of sci- 
entific and engineering achievement. But the engineering spirit which “views 
hopefully the hitherto unattainable” has brought a new world into being. 

May we not reverently repeat the awe-inspired words which dedicated the 
first application of electricity to useful service, “What hath God wrought!” 
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PUBLIC INTEREST IN NIAGARA POWER 
CHAPTER XXVII 


VISITORS AT POWER-HOUSE 
1895-1896 


HE natural interest of the public in the scenery at Niagara was much 

increased during the period of 1879 to 1885, by the discussion, in the press 
throughout this country, regarding the injury to the beauty of the falls and 
the impairment of the opportunity to enjoy it, by the commercial encroach- 
ments upon its shore and islands. The establishment of the state reservation 
July 15, 1885, duly restored the natural condition of the scenery on the islands 
and on the river bank for a mile above the falls. 

Another menace was thought to have arisen in 1890, continuing thereafter 
for several years, when the utilization of the falls was proposed as a source of 
power, upon a larger scale than theretofore undertaken, with the prospect of 
drawing an important amount of water away from the falls, thereby possibly 
injuring its majesty by diminishing its volume. 

Special charters had been granted by the state under which such withdrawal 
of the waters of the upper river had been authorized without limit in amount. 

A scientific commission in London had considered the best plans to utilize 
the power of a very large amount of this water, and its conferences again 
aroused public attention in the State of New York and its surrounding com- 
munities to the possible injury to its Great Falls. This led to further legisla- 
tion restricting the amount of water to be withdrawn daily under the charter 
of 1886, to about 200,000 horse-power. This amount seemed alarmingly 
large to the public, and authoritative announcements by the state engineer 
that its probable effect of not exceeding 11% inches upon the depth of the 
falling river would not be noticeable, and that so small a part of so great and 
rapidly moving a volume would be very difficult to measure even by the most 
skillful surveyors, failed to reassure the public, who wanted to judge of this 
themselves. 

The reports from Europe that novel and enormous hydro-electric units 
were to be established at Niagara to transmit power to great distances, where 
it would supplant power formerly supplied by coal, aroused the esthetes to 
protect their cherished and endangered scenic interests; while the engineers 
and manufacturers were attracted by the probable development for its own 
sake, and as an example of what might be accomplished elsewhere. 

The visitors at Niagara Falls increased at the first evidence of active con- 
struction of the power-plant and probably reached a maximum number 
during the World’s Columbian Exposition at Chicago, from which Niagara 
was found an interesting and restful sojourn. 
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As soon as Power-house Number One had been erected and its first turbo- 
generators were in operation in 1895, the number of visitors at the power- 
house greatly increased, and special attendants became necessary for their 
guidance and protection. The elevator in the wheel-pit was in frequent use, 
and the working models of the turbines and their governors were always the 
subject of much interest and questioning. 

Visitors’ books for registration of names and addresses were provided for 
distinguished guests, particularly those bringing letters of introduction from 
Europe and elsewhere. An examination of the volumes discloses that during 
several years at about that period the following countries were represented, 
several times in most cases: 


Argentine France Mexico 
Austria Germany Norway 
Belgium Greece Philippines 
Brazil Holland Rhodesia 
Bulgaria Hungary Roumania 
Canada Iceland Russia 
Ceylon India Siam 

China Italy Sweden 
Cuba Jamaica Switzerland 
Egypt Japan Venezuela 
England 


Thirty-one nations were represented and many states of North America. 
These visitors were known by their introductions, as representing organiza- 
tions of engineers, state, church, army and navy. As a class, engineers were 
the most numerous. They came from all countries, particularly our own, and 
usually appeared well informed in a general way of the company’s problems 
and how they were being solved. 

Many societies of scientists and engineers came for the annual meetings of 
their members. Others attended stated conferences of national and interna- 
tional associations, such as the New York State Waterways Commission and 
the International Waterways Commission. The Imperial Chinese High Com- 
mission was represented by His Imperial Chinese Majesty’s High Commis- 
sioner, Tuan Fang, Governor-General of Two Provinces, who signed his name 
with titles and added this expression of his appreciation, which literally 
translated means 


This is the real number one river landscape under heaven. 
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Among many other distinguished visitors with their official staffs were: 


Prince Pu Lun, of China 
Prince Henry, of Pless, Germany 
Prince Michael Hilkoff, of Russia 
Crown Prince of Belgium 


Prince Kampangpetch, of Siam 


Theodore Roosevelt, from the Executive Mansion at Albany, wrote: 


A marvel indeed ! 


Nikola Tesla, wrote under address: 


Stop in New York, but heart is at Niagara. 


Jules Siegfried, Ministre du Commerce, Paris: 


Je serais heureux que nous puissions avoir en France un pareil éstablishment qui est 
une veritable merveille du temps moderne. 


William Mather, Engineer, of England: 


This powerful plant is worthy of the falls and a monument to American engineering 
service and practise. 


Henry S. Bovey, McGill University, Montreal, wrote: 


The members of Section G of the British Association desire me to record their deep 
appreciation of the kindness of Dr. Coleman Sellers during a visit to the power- 
house today (August 8, 1897), and to express their thanks for the explanation 
given by Dr. Sellers of the intricate machinery. They also desire to record their 
admiration of this magnificent undertaking. 


LORD KELVIN AT NIAGARA IN 1897 


Lord Kelvin of Largs, president of the Institution of Electrical Engineers 
of London, who had been the most influential and persistent adviser against 
the adoption of alternating current as president of the International Niagara 
Commission of 1891,’ so openly declared his conversion to the company’s faith 
when he visited the plant of The Niagara Falls Power Company in August, 
1897, that he immediately commanded the highest admiration of all the 
Niagara adventurers. 

1 See Chapter X, Volume I. 
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The visitors’ record book of Power-house Number One, preserves the 
signatures under August 16, 1897, of many scientists of international 
repute, members of the British association, among which are those of Lord 
Kelvin and his family, with this comment: 


Very much pleased to see the great success here achieved, as a result of courageous 
undertaking, and originality of invention, and skilful design and construction. 


| . detign amd conser 


Facsim1LE SicgNatTureEs oF Lorp Ketvin anv Lavy Ketviy, Atso THosE or 
JAMES THOMSON BotTomteEy, D.Sc., F.R.S., Etecrricat ENGINEER, 
Nepuew oF Lorp Ketvin, anp Exviza JENNET BorroMtey, 

Wire or Dr. Borromiey 


He wrote from Toronto, August 23, 1897, after his visit to Niagara, as 
follows: 


I was greatly pleased with all the engineering, both hydraulic and electric, which I 
saw in the power-house, and in the distribution of the power to the factories in the 
neighborhood and to the trolley lines and most particularly to Buffalo for the distant 
section of the line between Buffalo and Niagara. The results thoroughly justified 
Dr. Coleman Sellers in his adoption of the alternate-current system at a time when the 
promise of good results from it on a large scale was only beginning to come from the 
tentative work of a much smaller character. 


After visiting George Westinghouse in the autumn of that year, 1897, he 
wrote a letter in which he stated that since his visit to America and his talk 
with Mr. Westinghouse he had become thoroughly convinced that the poly- 
phase transmission scheme was practicable, and that he would recommend it 
rather than the direct-current scheme he originally advocated. 


STUDENT VISITORS 


From time to time special attention was given to numerous visitations, by 
professors of engineering with their students from different colleges. 
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In 1900, after the two American power-houses had been in full operation, 
The Niagara Falls Power Company was obliged to post the following notice: 


GUIDES 


The requests for permission to inspect the plant of The Niagara Falls Power Com- 
pany are so numerous that it is impossible for the officers of the company to give indi- 
vidual attention to such requests. The company desires however, to afford its visitors 
every reasonable facility for the gratification of the interest that is taken in its works, 
and to this end has provided competent guides for the purpose of conducting visitors 
through the establishment. 

To defray the cost of the guides and door-keeper a small admission fee? is charged. 
From the admission receipts, after paying expenses, a bed in the Niagara Falls Memorial 
Hospital has been endowed for the use of employees who may be disabled by sickness or 
accident. From these receipts, appropriations are made also for the purposes of the 
hospital, of the Employees’ Beneficial Association, and for the benefit of the employees 
in other ways. 


In fourteen years these fees had amounted to $46,441, and the total amount 
was currently expended for hospital and helpful service for the employees. 

The following facsimile signatures of a few of the early visitors (in the 
years 1895 to 1904) will illustrate the interest of scientists and many dis- 
tinguished foreigners in the great engineering works at Niagara. 


* Since 1918 the power-plants of The Niagara Falls Power Company have been open to inspection by 
the public, and guides have been provided without charge to visitors. During 1926, more than 100,000 
visited the main generating station. 
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NIAGARA POWER 
NIAGARA HARNESSED—A WORLD MESSAGE, 1896 


Availing of a favorable opportunity to announce to the civilized world the 
successful harnessing of Niagara, and to commemorate the influence of N lag- 
ara in quickening hydro-electric activities around the globe, Hon. Chauncey 
M. Depew addressed the National Electrical Exposition in New York, May 
16, 1896, on the subject of, “The Progress and Future of Electricity,” and 
exchanged greetings with the president of The Cataract Construction Com- 
pany by world transmissions. 

While the messages were passing, one about 27,500 miles in fifty minutes, 
and the other, 18,000 miles in twenty-one minutes, Mr. Depew entertained 
his large audience by remarks which included the following statement: 


The imagination is paralyzed and the mind appalled in contemplating the endless 
centuries during which the boundless treasures God and nature had stored for the uses 
of mankind were left undiscovered and unknown. It was reserved for the nineteenth 
century, and for the second half of it, to wrest from the earth, the water and the air the 
potential and elemental powers which have rescued and regenerated the world. 

The familiars and the masters who have most beneficently yoked this mysterious 
power to the car of human progress are Franklin and Morse and Edison and Bell and 
Tesla and Brush and Westinghouse. The scientists of Europe have contributed many 
and invaluable discoveries to the development of electricity, but in its practical applica- 
tion and utilization for the common purposes of life and the grander march of civiliza- 
tion, America takes the lead. 


Thomas A. Edison was at the telegraph key and received the messages here 
reproduced: 
Aa 


BEG ore be oe Al gists x Sve Yon Fee 
Canute, Sandor, Lihew anh As . 
od cnecbed, Naloine Ursateme, Getler 


thechnreet Pe bg orratacheuy. of 
i! Sa i OT a i a 


Facstmite or Messacre FROM Cuauncrey M. Depew to Epvwarp D. Apams— 
To Toxio anp Return In Firry Minvures 


B42 


PUBLIC INTEREST IN NIAGARA POWER 


The response of Mr. Adams was promptly sent from the following facsimile 
message: 


AM 16 Lb 


FacstmMiILe or Messacr From Enywarp D. Apams ro CHauncry M. DrerpEw— 
To Toxto anp Return in Fiery-srx Mryutes 


This demonstration recalls the great event of May 24, 1844, when Prof. 
Samuel I’. B. Morse sent in his sign alphabet, the first message by land line 
wire over the 40 miles, between Baltimore and Washington, 


“What hath God wrought!” 
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THE NIAGARA SEAL, 1896 


Seals from time immemorial have represented a means of assuring authority 
and secrecy. 

In early history, they were made of clay, and later of wax and metals and 
semi-precious stones; they were ornamented by the sculptor and the engraver; 
they depicted the command, the generosity and the law of power and wealth; 
they were made important in size, variant in color, and impressive and signifi- 
cant in design. é 

The more artistic the seals, the more carefully were they preserved, with 
their important dates, portraits, names, titles and records of heroism and 
history. 


In later years, seals have become emblems and are often used in assertion 
of militant, secular, heraldic and ecclesiastical power; as expressions of mot- 
toes, legends, pride and personal taste; of union in action; of corporate au- 
thority; assurance of reliability and indications of influence and industry. 

Sculptors are remembered by the greatness of their creations but none the 
less permanently by the skill of composition and execution of their coins, 
medals and seals. An artistic seal to be appropriate should perpetuate people 
in their conflicts and conquests and the beauty and grandeur of nature. A seal 
on a power-house is an innovation. 

The seal was the crowning touch to the architectural setting of the Niagara 
power-house which distinguished it from former power-houses and gave a 
new significance to Niagara power. The part of the ordinary mill which housed 
its water-wheels, or the typical city electric plant of the early nineties along- 
side of railroad tracks and amid piles of coal and ashes gave no suggestion of 
architecture or seals. 

The Niagara seal represents in a high degree the wonder of nature and the 
art of man; the romance of a dying race and the science of a new century. 

This seal was formally adopted by all of the Niagara power companies, as 
will be seen by the following statements. 
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The By-laws of The Niagara Falls Power Company (consolidated 1918) 
Article 1, Section 1, read: 


The corporate seal of this corporation shall be the ‘““MacMonnies design,” heretofore 
used by The Niagara Falls Power Company, incorporated March 31, 1886, with the 
addition of the year of organization through consolidation of this corporation expressed 
in Roman letters (mcmxvur) beneath the same. 


At a meeting of the directors of the Niagara company of 1896, the following 
was recorded: 


A new corporate seal from a design of Frederick MacMonnies, presented by Mr. Ed- 
ward D. Adams, was submitted to the directors and on motion of Mr. A. J. Porter, duly 
seconded, the same as impressed on this sheet was accepted and adopted as the corporate 
seal of this company, and the secretary was instructed to tender the thanks of the 
company to Mr. Adams. 


The same seal was adopted by each of the affiliated or filial companies, with 
the addition thereto of designating words beneath the seal, to indicate the 
company executing the document to which the seal might be affixed. The 
filial companies of The Niagara Falls Power Company were as follows: 


The Cataract Construction Company 
Canadian Niagara Power Company 
Niagara Junction Railway Company 
Niagara Development Company 


Cataract Power and Conduit Company 


Each company used the design of the seal as its emblem at the upper left- 
hand corner of its engraved official stationery, a different color being used by 
each company to facilitate identification of its documents. It also appears 
on all engraved certificates of stocks and bonds of the several companies. 

The Niagara seal is carved in a single stone of granite over the archway 
of the entrance to the main power-house and office building, in both the United 
States and Canada, and electrolytic reproductions were used to ornament the 
base of the flagpole at the entrance to Power-house Number One. 

The Niagara seal was modelled by Frederick MacMonnies, the distinguished 
American sculptor, at his studio in Paris in 1895. The steel die was executed 
by Paulin Tasset, of Paris, the engraver of French and other governments’ 
coins and medals. 
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Upon completion of the construction and the inauguration of the company’s 
commercial work, the original steel cutting was returned to the donor, who 
uses it as a paper weight on his office desk. 


Fiac-pote Base iw Front or tHE EnrRANCE To PowEr-HousE NuMBER 
ONE’ AND THE GENERAL OFFICES OF THE CATARACT AND NIAGARA 
CoMPaANIEs, IN THE Mippie oF THE Grass CIRCLE 


OF THE ForzE-courT 


The design of the seal may be described as follows: 
The outline is a distorted circle, the metal being slightly pressed out of the 


regular circle form, in imitation of an early Greek coin struck without the use 
of a collar. 


* Designed by McKim, Mead and White, architects of power-houses of The Niagara Falls Power Company. 
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The central figure of an Indian chief in his canoe, floating down the rapids, 
seems an appropriate design for Niagara Falls and is correctly carried out in 
costume and other features. The chief is supposed to be named Ni-a-ga’-ra, 
and for the purpose of indicating the pronunciation, which is in four syllables 
with the accent on the third syllable, the word was divided with “Nia” on the 
top line and the “g” carried into the lower line, which, when held horizontally, 
shows the proper position of the canoe to indicate its rapid movement on the 
current of the rapids. 

The water on the paddle blade rises in front of the paddle, with a slight de- 
pression, or eddy, behind it, indicating that the Indian is not trying to propel 
his canoe forward, but on the contrary, is pressing the paddle forward so as to 
restrain the speed of the canoe in the rapid current. The hands also indicate 
that this is the action. 

The two decorative border lines are composed as follows: The fish repre- 
sents the maskinonge (Esox nobilior) which is adopted in the design as in- 
dicating the king fish of that locality. The fish ornament is alternated with 
the design of an arrow-head, the native industry on land now owned by the 
company. The outer circle of ornament represents the Delthyris niagarensis, 
the typical fossil shell of the Niagara group of rocks. 

A copy of this design as a medal has been acquired by the French govern- 
ment and is on exhibit in the Musée du Luxembourg at Paris. Copies appro- 
priately inscribed were presented to each of the engineers who formed the 
board of engineers in the construction period of the work, and at about the 
same time a similar medal was presented to each director of the company. An 
example was deposited in the collection of medals belonging to each of the 
following institutions: 


Metropolitan Museum of Art, New York 

American Numismatic and Archaeological Society, New York 
Museum of Fine Arts, Boston 

Art Institute of Chicago 

Buffalo Historical Society, Buffalo 


Niagara Historical Society of Niagara Falls 
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ENGINEERS FORMERLY ENGAGED IN THE CONSTRUC- 
TION AND OPERATION OF THE HYDRO-ELECTRIC 
PLANTS OF THE NIAGARA FALLS 
POWER COMPANY 


Lewis B. Stillwell* 
Harold Winthrop Buck 
Paul M. Lincoln 
George Forbes 
William Cawthorne Unwin 
Clemens Herschel 


1See Appendix A, Volume I 
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REVIEWS 
1a 
ENGINEERS FORMERLY ENGAGED IN THE CONSTRUC- 
TION AND OPERATION OF THE HYDRO-ELECTRIC 
PLANTS OF THE NIAGARA FALLS 
POWER COMPANY 


CHAPTER XXVIII 


N an enterprise so epoch making and of such magnitude as that of The Ni- 

agara I'alls Power Company, many engineers were employed. The daring 
nature of the work and its appeal to the imagination of the expert and layman 
alike attracted men to it. Although the status of the civil, mechanical and 
hydraulic engineer was then firmly established, electrical engineering as a 
profession was still very new. 

Some of the engineers connected with the hydro-electric development at 
Niagara Falls were eminent in their respective professions at the time, while 
others achieved greatness either in connection with or subsequent to their 
association with the undertaking. A few of them have been kind enough to 
place on record for this volume some of their recollections of those early days 
with an estimate of the value of the work not only to engineering, but to 
posterity. 

During the years which have elapsed since the Niagara development was 
first started and since these engineers have severed their connections with the 
enterprise, they have had ample opportunity for retrospect and judgment. 
Obviously, their judgments are tinged and hallowed by associations. Others 
perhaps less familiar with the details of the work but capable of beholding it 
with eyes undimmed by emotion and of judging it with minds unclouded by 
prejudice or passion, may some day evaluate its true worth. A sense of loyalty 
and duty has prompted these former associates in the Niagara enterprise to 
set down while memory is still clear and events are fresh, what they know of 
that development; for 


Not gold, but only men 

Can make a people great and strong; 
Brave men, who for truth and honor’s sake, 
Stand fast and suffer long; 

Brave men who work while others sleep, 
Who dare, when others fly ; 

These build the nation’s temple deep 

And lift its pillars to the sky. 
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Haroxup Winruror Buck 
PRES. A. I. E. E., 1916-1917 


Exvecrrica, ENGINEER oF Tur NIAGARA 


Farts Power Company anp Irs 


Airep ComPpaANIEs 
1900-1907 


Harold Winthrop Buck makes the following statement of his views con- 
cerning the influences of power development at Niagara Falls: 


The development of the Niagara Falls power system was unquestionably a great 
contribution to electrical engineering and all of the many modern hydro-electric systems 
can be traced back directly to the development at Niagara which served as the necessary 
precedent. 

The adoption at Niagara of a frequency of 25 cycles, at a time when the standard 
alternating current was 138 cycles, was a very bold step in engineering and a very wise 
one. Another very bold step taken by the Niagara company was the adoption of very 
large generating units and the definite establishment of polyphase alternating current as 
the method of electrical] power transmission, which has been standard throughout the 
country since that time. 


REVIEWS 


At the time of adoption by Canadian Niagara Power Company of units of 10,000 
horse-power they were the largest in capacity which had ever been successfully installed 
and the generating voltage of 12,000 volts was higher than anything established at the 
time. This size of unit and the generating voltage were determined upon the initiative of 
the power company. ; 

Another matter in which the Niagara enterprise was a pioneer was in the large 
scale distribution of power by underground cables. In Buffalo it further led the way in 
establishing underground transmission at the voltage of 11,000 volts, which at the time 
was far in excess of anything which had been accomplished before. 

The underground system of the Cataract Power and Conduit Company, in Buffalo, 
has been copied in most of the large cities in this country during the last twenty years. 

During my administration of the electrical engineering department several propo- 
sitions came before the power company for the transmission of large blocks of power 
to such places as Detroit, Cleveland and Pittsburgh. 

The maximum voltage then in commercial use on transmission lines was 60,000 volts 
which was not high enough to solve the problem which the company had under con- 
sideration. A series of investigations was then undertaken under my direction for the 
purpose of developing ways and means for large scale power transmission. 

Elaborate tests of wind pressure on long aerial conductor spans were made and a 
formula derived which has since been used extensively in transmission line calculations. 
An experimental transmission line was built one mile in length and various insulators 
of the pin type then available were given tests under service conditions in all kinds of 
weather at voltages up to 100,000 volts. It soon became evident that insulators of the 
pin type were not adequate for transmission at voltages in excess of 60,000 volts, and 
other means for line insulation were sought. 

From these investigations there was developed and introduced the then radically new 
suspension type of line insulation,’ which solved the high voltage problem and which has 
since become the standard system of high tension insulation throughout the world. 

The history of the Niagara power enterprise here related shows clearly the great 
labor and difficulty involved in the building up of this great water-power development. 
Years of complex effort, great enterprise and originality and vast sums of money have 
all been necessary to final success. 

The falling water supplied by nature is only one of the many elements which must be 
co-ordinated in order to bring to conclusion the complete operating hydro-electric 
system. 


New York, 1926. 
mee ie) pur 


1 Chapter XXV, pages 280-283, Volume IT. 
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Pror. Paut M. Lincoitn 


FEL. AND PAST-PRES. A.I.E.E., MEM. A.S.M.E. 
MEM. A.E.S. 


Prof. Paul M. Lincoln, of the electrical construction staff at Niagara 
in 1895-1902, past-president American Institute of Electrical Engineering, 
and director of electrical engineering at Cornell University, wrote in 1921: 


It is interesting to recall that the original Niagara plant was the first occasion where 
electric power was generated and distributed in large quantities. The foresight which 
dictated the choice of system in this case was remarkable, and I think it might be well 
to dwell on this point in any historical review of the matter. At the time the Niagara 
plant was projected, the use of polyphase alternating currents was practically un- 
known, and the impetus which the success of this system at Niagara gave to polyphase 
alternating current system is, I believe, to a very large degree responsible for the very 
rapid growth of that method of generation and distribution of power. 

It is only fitting and proper to recall, however, that the alternating current poly- 


phase system of generating, transmitting and distributing energy did not, forthwith 
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upon its selection for Niagara, develop into the finished system that is so widely used to- 
day. In developing from the crudity of 1895 to the finished product of today there were 
birth pains a plenty. It was only natural that the first large system should be the one in 
which the most notable advances were made. Many of the notable advances of the art 
were first conceived for, and first used in connection with, the Niagara plant. The oil 
circuit-breaker, the porcelain high voltage insulator, mica insulation for generators, 
suitable methods for bracing generator windings against short circuit and the synchro- 
scope—these were a few of the problems that were first met and successfully answered 
during the early years of Niagara operation. Niagara was not only a pioneer in the 
adoption of the alternating current polyphase system on a large scale, but it was also a 
pioneer in many of the specific methods, practises and devices that were essential to the 
ultimate success of that system. 

Niagara marks an epoch in electricity. It stands as a monument to the greatest 
single step in advance that was ever taken in the electrical field. 


Utica, New York, 1921. (Mi 
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COPYRIGHT PHOTOGRAPH BY MESSRS. ELLIOTT & FRY 


Pror. GrorcE Fores 
F.R.S., M.I.C.E., M.I.E.E. (BR. ) 


Prof. George Forbes, of London, the principal advocate of the alter- 
nating current for long-distance transmission of electric power before the 
International Niagara Commission in 1891, who subsequently was one of the 
consulting engineers of The Cataract Construction Company in 1892-1894, 
‘alls attention, upon invitation to express his reflections upon a review of his 
relations with The Niagara Falls Power Company, to its action upon three 
points: 

(1) Foresight in favoring alternating current, even at a date when no single alter- 
nating current motor was in commercial use, 

(2) Insistence upon using low frequency alternations, although the majority of 
practical men insisted that such an innovation was incompatible with commercial success. 

(3) Persistence with which were overcome the prejudices of American manufac- 


turers and finally enlisted the whole-hearted co-operation of one of them to produce the 
only type of dynamo (that with the revolving external field magnets invented by the 


356 


REVIEWS 


company’s engineer) that would be capable of supplying the angular momentum requi- 
site for regulation of the turbines, without exceeding the limit of weight prescribed by 
their designers. 

These three points, all received with violent opposition from outside, were the 
secret of your success in the electrical development, and have led all engineers of hydro- 
electrical developments all over the world to copy your pioneer, and therefore, experi- 
mental, scheme of construction. 

I was very glad you were able to give me assurance of the financial success of the 
Niagara work. Many pioneer engineering works (e.g., the first Atlantic cable) have 
enriched the successors of the pioneers rather than the pioneers themselves. Your re- 
ward was not equal to your deserts, but it was, I am glad to note, substantial. 


Lage Stra 


London, 1924. 


NIAGARA POWER 


Pror. Wittiam CawrHornr Unwin | 


|| B.SC., LL.D., F.R.S., MEM. AND PAST-PRES, INST. C.E., || 
| HON, LIFE MEM. AND PAST-PRES. INST. M.E.,(BR. ) 
HON. MEM. A.S.C.E., HON. MEM, A.S.M.E. 


ad 


In response to an invitation to review his relations with the Niagara enter- 
prise, a memorandum dated Kensington, January 1, 1919, was received from 
Professor Unwin, secretary of the International Niagara Commission at 
London, June, 1890 to March, 1891, where he was in almost daily col- 
laboration with Dr. Coleman Sellers and other engineers, regarding the 
competition of projects and their final examination and selection for awards 
by the commission. Professor Unwin was subsequently retained by The 
Cataract Construction Company as a consulting engineer, in which capacity 
he made three visits to Niagara, where he took part in the solution of various 
engineering problems as the work proceeded. He wrote: 


In reply to your request to write you some reflections on my connection with the 
great Niagara installations, I find it rather difficult at this distance of time and in view 
of the enormous developments which have taken place in twenty-five years to put my- 
self back in the position of 1890. 
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A full account of the International Commission and the projects submitted to it 
is given in a report’ which I made to The Cataract Construction Company. 

The projects were of extremely varied character. Hydraulic turbines of impulse 
and reaction types of from 2000 to 10,000 horse-power ; distribution by electricity, by 
compressed air and by wire ropes. Most of the electrical schemes proposed direct- 
current production and distribution with varying current and constant voltage. Messrs. 
Siemens proposed constant direct current at varying voltage; Professor Forbes only 
proposed alternating current. From the first, electrical distribution of the power 
was in favor, but was not definitely decided upon until May, 1893. 

Great changes in the plans were the result of detailed discussion in the United 
States, and the further study of the problem by manufacturers. 

For the hydraulic installation, twin outward-flow turbines with vertical shafts 
were adopted, the weight of the shaft being water-supported and the dynamos being 
above ground. In some respects the outward-flow type of turbine is the least satis- 
factory, the regulation being not very efficient and the speed comparatively unsteady. 
But at the time no other type lent itself to so compact and economical a design. 
Nothing contributed more to the success of this hydraulic development than the 
admirable and then novel relay speed governing arrangements designed by Faesch and 
Piccard’ which control the great regulating sluices of the turbines. 

The consideration of the method of electrical distribution involved a difficult prob- 
lem, and it was not till 1893, after three years’ intensive study, that a system of alter- 
nating current was finally adopted. The design of alternating current dynamos and 
motors was in its infancy in 1891, and none of large size had been constructed. The 
striking experimental multiphase transmission at high voltage at the Frankfort Ex- 
hibition, in 1891, however, had much influence on the minds of electricians. A reduction 
in the frequency of alternations was found to overcome some of the difficulties of a 
multiphase system. Alternating current, the voltage of which can be varied by statical 
step-up or step-down transformers, has a flexibility and adaptability to different 
applications which, as can now be seen, made its use at Niagara indispensable to 
success. It is remarkable, nevertheless, that courage was found to decide in this sense in 
the case of so great an undertaking, because some of the foremost electrical authorities 
were doubtful about or opposed to the plans adopted. 

In two special directions the conversion of mechanical energy into electricity has 
great advantages. One is in the production of intense heat for metallurgical opera- 
tions ; the other is in electrolytic and other chemical processes. 

Within the sphere of material requirements the production, distribution and appli- 
cation of mechanical energy is the most vital interest of mankind. Human progress 
has largely depended on the supplementing or superseding of muscular energy by 
motive power produced by engines, amongst which water motors and heat motors are 
the chief and electric motors driven by current produced by these are important 
auxiliaries. Civilization may be measured by the degree in which human labor is re- 
placed by power derived from natural sources of energy. 

Hydraulic power, where it can be obtained, is cheaper and cleaner than heat 
power. The loss in health and wealth which has been incurred by atmospheric pollution 

1 Report on the Projects Submitted to the International Niagara Commission, New York, 1891. 

2 Of Geneva, Switzerland. 
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by steam plants must be very great, although from habit it is usually ignored. For 
a long time the use of water-power was restricted to the area where it was produced. 
Hence, a hundred years ago, textile mills and even some metallurgical works spread 
into districts where water-power could be found. The combination of hydraulic power 
plants, electric transmission and electric motors which re-transform electric into 
mechanical energy removes all the obstacles to the utilization of water-power in industry. 
With the developments of hydro-electric stations the need for crowding workmen 
into factories and manufacturing towns in part disappears so that they can if neces- 
sary live with more healthful surroundings. 

Electrical transmission permits the distribution of power from a central station 
to long distances and over a wide area. The facility it affords for subdivision, accurate 
measurement and control enables it to be supplied to many consumers. This again 
favors the equalization of the load at the central station and reduces the loss due to 
machinery standing idle. It is possible to encourage electro-chemical industries and 
to arrange that they should take current when it is least required by other industries, 
and then the energy can be supplied very cheaply. Hence the development of electrical 
energy may in course of time greatly improve the conditions of life. At Niagara some 
7,000,000 horse-power which might have been available for industrial purposes was being 
wasted. The conditions were favorable for utilization in other respects for the fall was 
a high one and the Great Lakes from which the water flows act as reservoirs equalizing 
the supply. The installation has been carried out with complete success, and it is the 
first large scale undertaking of the kind. It has been the parent of many others in 
different parts of the world, or at any rate showed the way to others to achieve a similar 
success. But the risk of misadventure in so novel and complicated an enterprise in the 
days when it was carried out was great, and that no serious mistake of judgment or 
calculation occurred witnesses to the remarkable care with which the preliminary 
investigations and discussions were conducted. 


aed WG PEI 
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CLEMENS HeErscHEL 
HON. MEM. AND PAST-PRES. A.S.C.E., 
MEM. INST. C.E. 


A similar invitation to present here a review of his connection with the 
Niagara enterprise brought the following memorandum from Clemens 
Herschel, past-president and honorable member American Society of Civil 
Engineers, who served as hydraulic engineer for the cataract company from 
January 1, 1890, until the close of its construction activities. 

“Wat Haru Gop Wrovucur!” 


(Numbers, XXIII-23) 


In considering the changes that have taken place since 1889, in the generation and 
distribution of primary power, one can not help being reminded of the first message sent 
over the wires by Samuel F. B. Morse, from Baltimore to Washington, given at the head 
of this memorandum. 

Within the lifetime of so many of us, the art of electric transmission has been led to 
develop from the sending of a few faltering, feeble signals, over a length of thirty or 
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forty miles, to the conveyance for ten times that distance, and of hundreds of thou- 
sands of horse-power. A potent factor in this evolution was the so-called “Harnessing 
of Niagara” in the last decade of the nineteenth century. 

Yet was this development attained at a great cost of labor, and at the offering 
and venture of many millions of latterly much decried, accumulated, hard-earned 
money, or what is known as “capital.” 

It seems so natural at the present time (1923) to tap a power circuit for the 
acquisition of thousands of horse-power, though the primary source of the same may 
be hundreds of miles away, that it is difficult to realize that no longer ago than 1890, 
it was very much of a question whether to disperse and distribute 20,000 horse-power 
by means of wire rope, by compressed air, or by electrical transmission. Even after 
electrical transmission had been decided on, it required the momentous decision of 
The Niagara Falls Power Company, in favor of the alternating current, and against 
the use of the direct current, to give the first named method a world-wide impetus and 
commercial advantage; one it has maintained to the present day. 

This decision naturally reacted on the whole plan of the works. As was wont in New 
England hydraulic engineering circles, such a case as that presented by Niagara Falls 
could properly be solved only by the system of each manufacturer generating his 
own power on his own premises. To send power to Buffalo, twenty miles away, in 
substitution for its steam power, was a make-weight to the enterprise; to be solved later 
on, or abandoned, as the enterprise developed. The great exemplar was the system used 
by the several American water-power undertakings at Paterson, New Jersey; Lowell, 
Lawrence and Holyoke, Massachusetts; smaller companies all over New England; at 
Cohoes, New York; some in Ohio, Wisconsin, Minnesota, Georgia and elsewhere. 

This American system owes its corporate origin to no less a man than Alexander 
Hamilton; possibly to others working with him in 1791, to establish “The Society for 
Establishing Useful Manufactures” at the “Great Falls of the Passaic River,” in 
Paterson, New Jersey; one of whom was Major L’Enfant, the same military and civil 
engineer who was the author of the plan upon which was laid out the nation’s capital, in 
the District of Columbia. To these two, the lawyer and engineer of the infant company, 
is owing what was then a new method of utilizing the power of a river. They invented 
a system of canals and mill-sites, and agreements for the leasehold of such mill-sites, 
with a system of perpetual rentals for the water rights appurtenant to these mill- 
sites, under which the development of manufacturing in the United States prospered 
greatly. It could not be imitated in Europe, and only occasionally in the United 
States, because in those older countries, and even in the United States in many in- 
stances, land in compact bodies, upon which to build such works, could not be bought; 
and until the advent of power distribution by electricity, the conception of generating 
power, and distributing it for a “public use,” was difficult of comprehension (as it yet 
is in some quarters) ; hence no “powers of eminent domain” to take the necessary lands 
could be brought into action. 

All this has been changed by invention and works, of which those at Niagara Falls 
in 1889 were a notable pioneer and example, until now they have become so common- 
place and so numerous that many men of the present time clearly foresee the day 
when, scouting state lines and physical obstacles, the whole United States will be able 
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to draw power from a national body of power-houses and power lines; after the manner 
of the telephone service enjoyed by the people of 1923. 

This same advance has rendered obsolete the good old American system of water- 
power companies; kept alive now mainly by the fact of the distribution of its lands 
and rights among numerous manufacturers who use the power, and use it under per- 
petual contracts. In some such cases, the present value of the land alone to be gained for 
building and park purposes by the abandonment of the old system of canals, would 
pay for replacing it by one-power station, and the distribution of its power by wire. 

All honor, therefore, to the persevering work of those who at Cohoes, and to a 
large extent also at Paterson, have already brought about the change above described. 

These are fundamental changes in the concept of the works that produce the power. 
No less marked are the changes naturally brought about in the use of power produced. 
Quite recently it has been pointed out by a marked example, what an advantage there 
lies in the element called the “diversity factor,” even over the sale of high constant 24- 
hour power ; one endowed with the much sought after 100 per cent “load factor.” 

Thus the power at Niagara Falls, used largely by continuous electro-chemical 
processes, is probably nearer a perfect 24-hour continuous power (100 per cent load 
factor) than any other in the country. The Commonwealth Edison Company of Chi- 
cago on the other hand, sells power for the most diverse purposes. Were all of its 
consumers, at one and the same time, to use all the power each one of them is entitled 
to draw, the works would be obliged to acknowledge themselves unable to supply the 
half of the then demand. 

Yet let it not be said that the works at Niagara do not cater to diverse uses. 
Chicago serves its various customers of diverse nature directly by the delivery of 
power. Niagara serves a multitude of diverse customers throughout the United States 
and foreign countries, by means of its products—ferro-alloys, abrasives, fertilizers, 
chlorine and what not of chemicals—originally produced in the one city of Niagara 
Falls. How important some of these chemical products are, may be gleaned from the 
fact that when, during the World War, it became a question of the relative needs of 
the people for the products of factories, in order that they might receive any power, 
some of these Niagara chemical works were accorded the very first place. 

These remarks might be extended almost indefinitely. Enough has been said, how- 
ever, to indicate in some measure the trend of the times we live in. The choice of 
Samuel F. B. Morse for the first message to be sent over the wires has a little of 
finality about it; as though not much of development were to follow after. Let us 
recognize that “the half hath not been told.” 

Progress in a direction, the end and aim whereof no man can discern, is still with 
us. Rather let us say: (Daniel, XII-6) “How long shall it be to the end of these 


wonders?” 


New York City, 1923. 
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CuHarprer XXIX 


ENTRANCE TO PowrEr-House NUMBER One, wirtH Bronze Memoriat Taster ERECTED 
IN December, 1924, as Triputre to Hypro-ELEctTRIC PIonEERS, IN Pace 


Guests Present at Unvertinc or Memoriat Taser, JANuARY, 1925 
Left to right—On platform: G. S. Anderson, W. K. Bradbury, G. B. Mathews, E. D. Adams, 


P. A. Schoellkopf, M. Cohn, Jr., and J. F. Schoellkopf. Standing: A. Schoellkopf, 
R. J. H. Hutton, H. Acres, G. R. Shepard, Gen. Guy E. Tripp, LeGrand S. De Graff, F. D. Corey, 
A. M. Grier, Prof. C. F. Scott, W. H. Onken, Jr., J. E. Montague, Col. J. G. Warren, 
W. P. Little, R. R. Coddington, F. L. Lovelace, Dr. W. F. Durand, G. F. Rand, C. F. Rand, 
N. F. Maddever, A. E. Kennelly, 0. D. Dales, F. S. McGraw, De L. Rankine, W. Laughlin, 
C. R. Huntley, A. C. Deuel, W. D. Olmsted, C. A. Tattersall 

M. L. Clark, A. D. Robb, L. E. Imlay 


REFLECTIONS 
CHAPTER XXIX 


T is pleasant to view in retrospect the history of The Niagara Falls Power 

Company, for are not the accomplishments of the past but the dawn of 
those to come? To have dreamed dreams and then as the years rolled by to have 
seen and to have taken part in realities exceeding in grandeur and magnitude 
the product of one’s imagination is indeed a rare experience. 

But, then, who could have visualized or pictured even in dreams the magical 
growth and wonderful attainments of the electrical industry at the time the 
first Niagara development was under contemplation? The very decision to 
adopt alternating-current electricity in preference to compressed air and to 
transmit electrical energy from Niagara Falls to Buffalo, a distance of 25 
miles, was considered at the time extremely bold and hazardous. 

The art was then nebulous and its future dubious. Indeed, the size of the 
first water-wheel and alternator was so stupendous in comparison with exist- 
ing water-wheels and dynamos, that many men engaged in the business looked 
upon our plans for developing Niagara power as utopian and expected to see 
the whole enterprise burst like a bubble. In their estimation Ponce de Leon 
in his quest for the fountain of perpetual youth exhibited just as much sense 
as we did in our attempt to harness the raging torrent at Niagara. Had not 
men tried before and failed? But 


“Errors like straws upon the surface flow; 
He who would search for pearls must dive below.” 


Naturally, with the history and experience of these previous ventures before 
us, we were not without misgivings. We were determined, however, to build 
on certainties and not on doubts. That there were millions of water horse- 
power available in the Niagara River was unquestionable. How to develop 
that power and then to dispose of it were problems which up until 1890 baffled 
the engineering world. Thanks to the world-wide investigation which we 
undertook at that time and out of which grew the plans for the first Niagara 
installation, there are no longer any engineering inhibitions to hydro-electric 
development and transmission of power anywhere. 

Seldom, if ever, were greater pains taken in planning and executing a com- 
mercial venture. We fortified ourselves against failure by consulting the best 
engineering talent in the world. Financial stability and independence were 
accorded the enterprise from the outset, and so great became the interest in 
the Niagara development and so widespread became its fame that scientists, 
statesmen, captains of industry, and others came from every land and clime 
to behold the greatest hydro-electric installation in all the world, exceeded 
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in scientific and popular interest only by the greater grandeur and magnifi- 
cence of the mighty cataract from which the development derived its power. 

Thus one cannot recall the history of Niagara power without retrospect 
giving way to prophecy, prediction taking the place of review. Stimulating 
suggestion of coming developments supersedes commentary on the growth 
of a system, and inspiration to future endeavor crowds out vainglorious re- 
cital of past achievement. , 

Laying aside the contemplation of the accomplishment at Niagara Falls, 
it is gratifying to dwell for a moment on the really great influence it has 
wielded on the electrical and allied arts. The lessons Niagara power has taught 
are universal in their application and the triumphs for which Niagara power 
stands are more enduring than monuments of stone, for they are now a part 
of the world’s progress. It is true that many milestones are to be found along 
the roadway marking electrical progress; but steps make progress, and 
whereas the first electrical installation at N ilagara Falls was revolutionary in 
its character, subsequent developments have been evolutionary. 

The original Niagara installation was great not simply because it brought 
together the latest developments of the genius of civil, mechanical, and elec- 
trical engineers—which was a great achievement in itself—but because it 
succeeded in establishing and diffusing exact knowledge on hydro-electric 
generation and transmission of energy in large quantities and thus advanced 
the cause of human betterment and world progress. Whither the inspirations 
thus stimulated will lead is difficult to measure or anticipate. Upon the broad 
foundations laid by the pioneers at Niagara Falls has been erected the great 
electrical structure we see today. 

In the light of greater experience and advances made in the art, engineers 
now are planning and executing electric generating and transmission schemes 
outrivaling in interest and in the extent and diversity of territory served that 
of The Niagara Falls Power Company. However, nowhere on the face of the 
earth are there installations of the magnitude and efficiency of those at Ni- 
agara, nowhere else is electricity generated in larger quantity, and there is no 
place of importance on the civilized globe where the influence of Niagara 
power is not felt or where its benefactions are not manifest. Of a truth, “No 
gift from nature’s storehouse renders greater service than the waters of 
Niagara.” 

It would be idle and vainglorious to contend that we visualized all this 
when we planned the first installation at Niagara Falls. Daniel Boone and a 
few struggling hunters, as they passed through the gap in the Alleghanies 
long ago, little thought that they were the van of a mighty empire. Neither 
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did we when we organized The Niagara Falls Power Company dream that 
Niagara Falls would become the home of the electrochemical and electro- 
metallurgical industries and the birthplace of power development on a grander 
and larger scale than ever before attempted. 

Indian lore and romance there were at Niagara Falls when Hennepin first 
beheld it. The mystic sacrifice of an Indian maid to the God of Waters has 
moved poet and painter to creative art; but reality has out-stripped imagina- 
tion in the utilization and practical application of the power of Niagara Falls 
in every-day life. 

A new era in electric lighting began on both sides of the Atlantic shortly 
after the Belgian inventor, Gramme, introduced his dynamo-electric machine 
in the early seventies. In America all the initial lighting work from central- 
station sources was done, however, by means of direct or continuous currents, 
which were employed alike for are and incandescent lighting. The supply of 
current for stationary motors for power purposes constitutes a very important 
element of the electric light and power business today, and while the work of 
such men as Edison, Brush, Thomson, Draft, Sperry, Hochhausen, Sprague, 
Curtis, Crocker, Wheeler, and Weston soon resulted in the development of 
highly efficient motors capable of application to the widest range of industrial 
requirement, the early motor, like the early lamp, operated on direct current. 

The next step forward was the development of single-phase alternating 
current; with the inventions of Stanley in transformers and of Tesla in poly- 
phase motors the entire art of electric generation and utilization was changed. 
It was at this critical juncture, before their work was thoroughly tested, that 
The Niagara Falls Power Company was formed. Our decision to adopt alter- 
nating current in the world’s greatest power-house settled all doubt as to the 
universal adaptability of alternating current and laid the foundation for the 
marvelous electrical development which followed; for Tesla’s work received its 
first extensive application on the system of The Niagara Falls Power Company. 

It is interesting to note in this connection that the first hydro-electric sta- 
tion in this country started at Appleton, Wisconsin, on September 30, 1882. 
It was a very modest plant, housed in a wooden shed, and containing a single 
Edison dynamo capable of supplying energy to 180 10-candle power incan- 
descent electric lamps. Niagara was the first superpower station in the world. 
Until it was started there were no steam engines or water-wheels built in this 
country in excess of 1000 horse-power rating. Not even the knowledge of 
what was being prepared for Niagara Falls had led to their manufacture. 

Unfortunately no general statistics on the output of electric light and power 
stations in the United States were available until the government census of 
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1902. At that time the power stations at Niagara Falls were generating ap- 
proximately one-fifth of all the electrical energy produced in the United 
States. The importance of Niagara Falls as a power center was, of course, 
recognized, but no one imagined that in 1902 there was being manufactured 
at Niagara Falls, New York, as much electricity as was being produced in the 
combined states of Alabama, Arkansas, Connecticut, Delaware, Florida, 
Georgia, Idaho, Kansas, Kentucky, Louisiana, Maine, Maryland, Minnesota, 
Mississippi, Nebraska, Nevada, New Hampshire, New Mexico, North 
Carolina, North Dakota, Oregon, Rhode Island, South Carolina, South 
Dakota, Tennessee, Vermont, Virginia, Washington, West Virginia, Wis- 
consin, Wyoming, and the then territories of Arizona and Oklahoma thirty- 
one states and two territories. 

Of course, the electric light and power industry experienced phenomenal 
expansion after 1902, so that the output of The Niagara Falls Power Com- 
pany does not now form so large a part of the whole. But the significant fact 
is that The Niagara Falls Power Company did not stop with its initial devel- 
opment. It kept on growing. It was the largest company in point of output 
at its inception, and it holds that leadership to this day. While the present Ni- 
agara system generates approximately one-fifteenth of the total energy for the 
United States, it would generate more if conditions permitted. The demand 
for Niagara power has never been satisfied, but the amount of water which 
may be diverted from the Niagara River for power purposes is fixed by inter- 
national treaty, and not until that treaty is revised can The Niagara Falls 
Power Company generate more electricity at its present site. That the com- 
pany has always given a good account of its stewardship and from the first has 
recognized its obligations to society in general may be gleaned from previous 
chapters. The entire electrical industry is in its debt for an educational influ- 
ence of great value, for a permanent milestone on the high road of progress, 
and, not the least, for the great and permanent good it accomplished in making 
abundant electricity available for the then budding electrochemical and 
electrometallurgical industries. 

The story of the development of these industries at Niagara Falls reads like 
a fairy tale. While the possibilities of many of the present electrochemical 
processes were recognized years ago, their commercial development neces- 
sarily was dependent on the production of abundant and cheap electricity. No 
sooner were our plans for harnessing Niagara Falls made known than men 
interested in the embryonic industries made inquiries concerning electrical 
power and shortly thereafter established factories at the falls. 
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First came the aluminum industry; then the carborundum and the carbide 
industries, followed by numerous others. All of the processes being new, had, 
of course, to be developed, and in addition a market for the products had to be 
created. The dawn of the twentieth century was marked by the birth of the 
electrochemical industry at Niagara Falls where it seemed like Minerva to 
have sprung forth fully armed from the brain of Jove. The names of such men 
as Hall, Acheson and others will be forever associated with the wonderful 
achievements and development of the industry at that time and also with Ni- 
agara Falls where they performed their best work. 

Fortunately, Niagara Falls offers other inducements to electrochemical and 
electrometallurgical industries besides cheap power. It is ideally located as a 
center of supply and demand and possesses good transportation, thereby en- 
abling the manufactured products to be carried to their ultimate destination 
without heavy freight charges. The necessity for cheap power in large quan- 
tities has been one of the prime factors in the past development of the electro- 
chemical industry and it is bound to remain one of the controlling factors in 
any question of this kind and oftentimes the deciding factor. 

Limited, however, in their legitimate expansion at Niagara Falls as the 
electrochemical and electrometallurgical industries are by the quantity of 
power at present available, some companies have found it expedient to start 
additional factories elsewhere; and although industries like the aluminum, 
for example, may prosper at other sites, the great majority of them cannot 
move from Niagara Falls without increasing the cost of their product to the 
public because of the differential in freight on both raw material and finished 
product, higher cost of power and less advantageous labor market. 

It is, therefore, evident that The Niagara Falls Power Company was the 
cause for the establishment and expansion of the electrochemical and electro- 
metallurgical industries at Niagara Falls, and not the result. Tracing a kilo- 
watt hour from the time it leaves the switchboard at Niagara Falls through 
these industries and thence through the steel or automatic industries, one is not 
only impressed with the tremendous importance of the electrochemical and 
allied interests located at Niagara Falls, but is also struck with the larger 
aspects of Niagara power, hidden though they may be, in the form of an auto- 
mobile or other high-grade steel product, or in the chlorinated and purified 
drinking water that one draws from the faucet. 

The value of the products dependent upon Niagara power is reckoned in 
billions of dollars annually, whereas the gross earnings of The Niagara Falls 
Power Company from the largest and finest hydro-electric development in the 
world was $8,549,269.83 in 1926. The tax budget for 1926 was $1,508,794.94, 
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thus making The Niagara Falls Power Company not only one of the real 
conservers of natural resources (its power-houses operate at an efficiency 
of 90 per cent) but a source of income to the state and a benefaction to the 
industries and citizenry of the nation. 

Many engineers acquired fame and eminence in connection with their work 

at Niagara Falls. Three of the executive engineers and two of the consulting 
engineers connected with The Niagara Falls Power Company became presi- 
dents of the American Institute of Electrical Engineers and another became 
president of the American Society of Civil Engineers. The gold medals 
awarded annually by the American Institute of Electrical Engineers, through 
its Edison Medal Committee, seven out of sixteen have been awarded to men 
associated more or less with the Niagara enterprise or for meritorious achieve- 
ment in connection with the development of alternating current. These 
medalists were Elihu Thomson, George Westinghouse, William Stanley, 
Nikola Tesla, Benjamin G. Lamme, William LeRoy Emmet and Cummings 
C. Chesney. 
. Many engineering graduates sought positions upon the staffs of The Cata- 
ract Construction Company and The Niagara Falls Power Company, because 
the opportunities for familiarity with advanced scientific work, not yet de- 
scribed in books, were unique. The services of these engineers after several 
years’ experience at Niagara were eagerly sought elsewhere, and they became 
leaders of men and captains in industry. 

It is not easy to estimate how vast are the changes in industrial, civic and 
domestic life that have taken place since the first recognition of the new era 
at Niagara Falls. Especially in hydro-electric development and electric trans- 
mission of energy have these strides been made since Niagara showed the way. 
For a time the significance of what was being done at Niagara was unap- 
preciated except by a few engineers, and its growth unobserved because un- 
expected. Suddenly it burst its bonds and emerged a young giant eager to 
engage in a prodigious struggle with other forms of power for supremacy. 

The industrial revolution which followed was more potent, more far-reach- 
ing and lasting in its effects especially along the Niagara frontier than any 
political upheaval of modern times. It brought with it a change immeasurably 
more profound in all its implications than the age of steam and secured to 
millions of men, women, and children, great personal comfort and happiness. 
One has only to look back a few years to see how electric power harnessed to 
serve mankind has expanded, developed, deepened, and strengthened his 
physical potentialities and enriched living standards far beyond expectations. 
The credit for all this does not, of course, belong to The Niagara Falls Power 
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Company, but this company was a pioneer in a critical period of power de- 
velopment. A first f ar-reaching decision was made in 1890, when it was decided 
to generate hydraulic power in a large central station for distribution to many 
users instead of using the old-time method of letting each mill be driven by its 
own wheel. Other pioneer steps were taken in adopting electricity in a great 
power project, and in selecting polyphase current as the system to be used. 

Even our company was so absorbed at the time with the attractiveness of the 
market for electric lights and motors in Buffalo that we forgot about Niagara 
Falls. 'To us, as to others, the grass in our neighbors’ yard looked greener 
than the grass in our own. Little did we imagine that so much power would 
be utilized at Niagara Falls itself. But we did have faith in hydro-electric 
development and in the transmission of electricity. We did see the advantage 
of transmitted power to industry and its relation to natural resources. What 
we did was in a measure experimental. We planned carefully and with an 
eye to the future. 

The water at Niagara Falls did not then have the value it possesses today 
so that the original development was not so efficient in the use of the head 
available as the later stations of the company were, or as a new station would 
be tomorrow. Our right to use the water was at first unquestioned, but sub- 
sequently, because of our enterprise in proving it to be of value for power 
purposes, the right was challenged by both the state and national governments. 
But in recognition of our work at Niagara Falls and in appreciation of its 
nation-wide significance, The Niagara Falls Power Company was granted 
the first licenses issued by the Federal Power Commission under the new law 
governing power production on navigable rivers and on the streams in the 
public domain. 

Of course the novelty in Niagara power and of hydro-electrical develop- 
ment and high-tension transmission of electricity is now gone; but it is 
befitting, nevertheless, that suitable recognition of an event of such historic 
importance and fraught with such tremendous consequences to the engineer- 
ing world should be made. It was, therefore, with much gratification that the 
author as the sole survivor of the pioneer directors of the original Niagara 
Falls Power Company viewed the unveiling of a tablet on the wall of the 
portal entrance of Power-house Number One commemorating not only the 
work of the engineers and scientists whose genius, courage, and industry made 
Niagara power possible, but also the important albeit less spectacular work of 
the pioneer officers and directors who financed the big project. 

These friends and associates had like myself their established business con- 
nections as bankers, capitalists, and lawyers. With the exception of the 
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secretary and treasurer, William B. Rankine, who devoted his entire attention 
to Niagara matters, these men gave their time and thought to the direction of 
the great enterprise as a diversion, an intellectual stimulus and a friendly 
companionship in an international study of scientific industrial development. 
With one exception, A. J. Forbes-Leith, Lord Leith of Fyvie, Scotland, they 
all resided in New York, and their vocations and affiliations were as follows: 
Edward Dean Adams, president, banker of Winslow, Lanier & Company; 
Francis Lynde Stetson, lawyer; Edward A. Wickes, capitalist; William 
Birch Rankine, lawyer; John Jacob Astor, capitalist; John Crosby Brown, 
banker of Brown Brothers & Company; Walter Howe, lawyer; Joseph H. 
Larocque, lawyer; Darius Ogden Mills, capitalist; George S. Bowdoin, 
banker of Drexel, Morgan & Company; Charles F. Clark, president of 
Bradstreet Company; Charles Lanier, banker of Winslow, Lanier & Com- 
pany; and Frederick W. Whitridge, lawyer. 

More recently there was placed in the salon of Brown’s Hotel, London, 
where the conference of the International Niagara Commission was organized, 
a brass plaque’ commemorating the epoch-making services rendered by the 
international scientists forming the commission and serving as a historical 
record of that important event. A view of the room with the plaque in position 
on the door, and an aeroplane view of Niagara Falls on the wall is given on 
page 374 of this chapter. 

The commemorative tablet which adorns the entrance of the first power- 
house at Niagara Falls where alternating current applied to hydro-electric 
generation on a large scale won its first triumph and the tablet affixed to the 
wall of the room in Brown’s Hotel, recalling the meeting there of the Inter- 
national Niagara Commission, whose courage and faith wrought the victory, 
bring to mind the “Centennial Hymn” in which Whittier sought “our fathers’ 
God” to 

Be with us while the New World greets 
The Old World thronging all its streets, 
Unveiling all the triumphs won . 
By art or toil beneath the sun, 


And unto common good ordain 
The rivalship of hand and brain ****** 


For art and labor met in truce, 
For beauty made the bride of use. 


' A facsimile of the plaque is given in Chapter IX, page 178, Volume I. On page 177 is a view of the room 
showing the only survivor of the pioneer directors (the author of this work). 
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HERE ENDS THIS NARRATIVE OF THE COURAGEOUS 

ENDEAVORS OF MEN, DURING A CENTURY OF SACRI- 

FICE AND DISCOURAGEMENT, TO CONTROL SOME OF 
THE FORCES OF NATURE AT NIAGARA 


HOMAGE 


In cLosinc there should be recorded a tribute of 
appreciation to those pioneers whose energy, 
faith and perseverance will ever command the 
admiration of posterity. 

To THE ASSOCIATES 77 the enterprise of thirty 
years, who overcame doubt, conservatism and 
prejudice by their courage, thoroughness, per- 
sistence and forethought, and wrought success 
m their great endeavor, let there be also here 
expressed appreciation of their efforts, admira- 


tion for their courage, praise for their loyalty, 
and gratitude for their support, all contrib- 
uting to the triumph that was won for their 
undertaking. 


THE FEW survivors of these groups unite in this 
testimonial of admiration, honor and affection 
for their companions, whose memory will be 
cherished to the end. 
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“A RUN OF STONE” 


- 


“A RUN OF STONE” 


“A run of stone” is a pair of grindstones such as was used in the early mills for pre- 
paring meal and flour. As the amount of power required to operate a pair of grindstones 
would depend on many factors—the chief of which would be the weight of the stones and 
the speed at which they revolved—it is natural that the amount of water-power corre- 
sponding to a “run of stone” should be quite indefinite. An English authority states it to 
be from four to eight horse-power. If human nature was the same fifty years ago as it is 
now it seems probable that having a contract for an amount of water under a given head 
sufficient to operate a “run of stone,” the miller would gradually increase the size of the 
stones and perhaps their speed, thus increasing the amount of meal ground, and still 
demand the water to operate them. 

This old unit of power was not standardized and was given different values in different 
localities. The hardness of the kernel of wheat or corn, varied from dry to moist season, 
and the fineness or coarseness of the product made further differences in the amount of 
millstone power required to produce grist from the mill. 

Whitham, who states that he had personally examined 52 grist mills in 12 states, 
concludes that a “run of stones,” with its accompanying machinery, called for :— 


30 to 40 horse-power in a first class Merchant Mill yielding 85 to 100 barrels 
per day; 


20 to 25 horse-power in a second class Merchant Mill yielding 50 to 60 barrels 
per day ; 


12 to 15 horse-power in a common country Grist Mill. 
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TUNNEL INSPECTION 
JUNE 1, 1902 


HARNESS ON AGAIN 
(Special to the Buffalo Express) 


HARNESS ON AGAIN 


Probably Not for a Century Will the Flow 
in the Niagara Tunnel Be Stopped 


Inspection Yesterday 


Engineers Walked Through Huge Boring and Saw 
That Their Plans Had Been Good 
(Special to the Buffalo Express) June 2, 1902 

Niagara Falls, June 1, 1902.—The inspection of the mammoth tunnel of The Niagara 
Falls Power Company was successfully accomplished this morning by a party of engi- 
neers and the tunnel was found to be in as perfect condition as it was the day it was 
finished. That it was so is a very definite triumph for the American contractor, the 
American engineer, to say nothing of the American capitalist. 

Niagara Falls power and Buffalo’s reputation as a power center are largely predi- 
cated upon a tube bored for a mile and a third below the city of Niagara Falls. Run- 
ning from the intake of The Niagara Falls Power Company to an outlet below the 
falls, right at the upper steel-arch bridge, a horseshoe-shaped tunnel that carries away 
the water after it has turned the turbines and done its duty was bored at the expense 
of several millions. Twenty-one feet high and 18 feet, 10 inches wide at its widest part, 
it carries off 4600 cubic feet of water every second at the present time and when the 
new wheel-pit is running it will carry off 9000 cubic feet. There is no such tunnel else- 
where in the world. 

There are 32,400,000 cubic feet of water discharged from the tunnel every hour at 
the present time. That is a considerable river. This tunnel, in fact, could take two 
rivers the size of the Connecticut as it runs by Holyoke and discharge them. Enormous 
as the amount is, it is a very small fraction of the amount that flows over the falls 
instead of taking the tunnel route. Twenty-nine drops out of 30 take the route pre- 
scribed by Nature, one drop the route devised by man. There is little ground for the 
sentimentalists to stand on who say the falls lose in beauty when they gain for industry. 
Early this morning when the power was turned off there was not the slightest difference 
seen at the cataract. Even though two rivers of the average size of the Connecticut 
had been added nothing would be seen to indicate the increase. 

It was highly important that ten years’ use of the tunnel had not harmed it. No 
one in the inspecting party knew what would be found. The capitalists hoped, the 
engineers wondered if their knowledge had proved sufficient. At the end of the inspection 
Clemens Herschel, the most eminent hydraulic engineer in America, said: “The tunnel 
is good for 100 years more at any rate.” He said it with satisfaction. It was heard 
with no less satisfaction. And in the 100 years it is highly probable that no inspection 
of the tunnel will be made. 

This morning at one o’clock members of the inspection party gathered to prepare 
themselves for the journey. Rubber suits, boots and hats were put on and the journey 
was started. Before this time Niagara’s industrial heart had gradually ceased to flutter. 
One by one the dynamos were stopped. The big manufacturing plants had ceased run- 
ning, many of them for the first time in years. At last the power which runs the street 
cars and electric lights in Buffalo was taken away and the big steam plant was used 
to operate them in the old-fashioned way. The mammoth dynamos which had but a 
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few moments before been running at a rate of 114 miles a second had become still. At 
1.07 o’clock not a wheel was stirring. 

Niagara’s power was still for the first time since July 26,1897, and for the only time 
probably this century. When the new wheel-pit is finished and in operation it will be 
almost impossible to still the industrial giant. Every time there is a shut-down, the users 
of power have to be reckoned with, forewarned, and, if necessary, indemnified for the 
loss they experience. Niagara gives a continuous power—an interruption of the 
continuity is a serious thing. 

The exploring party, outside the regular employees and the men engaged in re- 
moving the bulkhead, consisted of W. B. Rankine and E. D. Adams, representing the 
board of directors of the power company; Clemens Herschel, the hydraulic engineer ; 
W. A. Brackenridge, P. P. Barton, W. K. Giboney, L. E. Imlay, A. H. Van Cleve, and 
C. C. Egbert, of the power company, and the correspondent of the Buffalo Express. 

The bottom of Wheel-pit No. 1 was reached, the connecting tunnels between the 
two wheel-pits passed through, the new wheel-pit entered, whence by a descent by ladder 
the new tunnel which discharges Wheel-pit No. 2 into the main tunnel was entered. 
This is 600 feet long. At its end was a huge bulkhead built of heavy timber, sheathed 
with planks and tightly caulked. This bulkhead was disappearing under the vigorous 
work of a force of workmen and the connection between the old and the new was being 
made. 

Beyond the bulkhead was the old tunnel. The exploring party, carrying lanterns and 
searchlights, entered it. 

The tunnel is lined with 16,000,000 bricks set in some 70,000 tons of Portland cement. 
The water had all receded save the little that came from the gates at the wheel-pit, 
making a stream about a foot and a half wide of great swiftness. The walls of the 
tunnel were at once seen to be as solid as a drumhead. A curious little formation was 
seen here and there, which formed like an inner coating on the brick and acted as an 
interior sheath here and there, making the walls stronger than ever. 

In the blackness ahead the party went closely, examining the walls and roof. Not 
a brick was dislodged or cracked. Here and there a thin stream of water, about the size 
of a pin, shot from the walls. That it was better than expected was seen from the 
faces of the party under their great rubber hats. 

It was easy walking with the current, and the mile and a third under the heart of the 
city, 200 feet below the surface, was easily traversed until the portal was reached. The 
smaller tunnel of the International Paper Company’s plant was also investigated and 
found to be perfectly sound. 

The party made a curious picture. Behind, the noise of the workmen, accentuated 
and exaggerated by the form of the tunnel, sounded with giant boomings. The shouts 
of the men, the flare of the torches and the sharper light of the lanterns, and here and 
there the eye of a searchlight carried by Assistant Superintendent Egbert, made a 
strange effect to the eye and ear.. Underneath the swift rushing water, carrying bits 
of the detached bulkhead, made walking precarious, as the floor of the tunnel slopes. 

Walking back was not an easy task. The sides of the tunnel were hugged and were 
slippery. Overhead, the roof looked black, with white patches. The sides were a clean 
red, kept bright by the rush of water. The engineers measured the water line and to 
their satisfaction found that there was room still for the water for the eleven new 
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dynamos that will be in operation when the new wheel-pit was finished. The calcula- 
tions of a dozen years ago were found to be correct. 

It must be remembered that the planners of The Niagara Falls Power Company’s 
plant had to blaze their own way. There was no precedent for many of the problems 
to be worked out. They were pioneers, and that the plans had been proved correct 
was the source of no small satisfaction. 

The party, which entered the tunnel at 1.30 o’clock, came to the surface about 
3.30 o’clock. The engineers stayed until much later and at 6 o’clock the bulkhead 
having been removed, the work of starting up the plant began. This is a delicate 
task, but it was accomplished quickly and successfully. The first to get the power was 
Buffalo. At a few minutes after 7 o’clock Niagara was running again, full tilt. The 
start made at 7 o’clock this morning will not be interrupted for a century. 

On ground again, the heads of the party congratulated each other and had a lunch, 
prepared by the company. It was daylight. 

All praised the masonry. It was beyond expectations, true and solid. Every one 
praised the engineering skill which had worked out the delicate problems so carefully. 


Applications by the score had been received by the officials for permission to take 
the trip. Not one was granted. 
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THEORIES AS TO CAUSE OF DAMAGE TO TUNNEL LINING 
NIAGARA FALLS, AUGUST 5, 1908 


A. H. VAN CLEVE, CONSULTING ENGINEER 


THEORIES AS TO CAUSE OF DAMAGE TO TUNNEL LINING 
NIAGARA FALLS, AUGUST 5, 1908 


Even after the close inspection rendered possible by the erection of the scaffolding 
used in the repair work, the cause of the damage to the tunnel lining cannot be positively 
stated. New light, however, has been thrown on the subject and I am inclined to revise 
the opinions expressed on pages 5 and 6 of my report of June 16th. The three principal 
theories now advanced as to the initial and subsequent cause of damage are as follows: 


1. The action of ice; 
2. Stresses in the brick arch, alternately upward and downward ; 


3. A movement of the rock similar to that experienced in Wheel-pits Numbers 
One and Two. 


The fact that the breaks in the tunnel lining occupy approximately the same relation 
to the ice shafts appears to be prima facie evidence that there is a relationship between 
the falling ice and the injury to the brickwork. It is to be observed, however, that while 
the greater damage to the brick lining occurs at a point from 20 to 70 feet from the ice 
shaft in the Wheel-pit Number Two, the damage in the vicinity of Wheel-pit Number 
One is from 60 to 120 feet from the ice shaft. As the velocity of the water in the tunnel 
was the same at both points and as the height from which the ice fell was approximately 
the same, it is difficult in ascribing to the ice the entire injury to explain this discrepancy. 
Further, it is strange that while the damage to the crown of the arch extends to the 
intersection of the tunnels, no cake of ice should have failed to impinge on the roof prior 
to meeting the water discharged from Wheel-pit Number One. In such a case it would 
have been driven against the side wall masonry with a violence much greater than that of 
its upward blow due to buoyancy. There is, however, no evidence of injury to the 
masonry in the side walls in front of the discharge from Wheel-pit Number One. A close 
examination of the brickwork shows fractures at the edges of the openings of such a 
character as would scarcely be expected from the action of an impinging body. That 
the action of the ice may have been a supplemental and contributory cause of the damage 
still appears to me to be probable, but that it was the origin of the breaks in the masonry 
bend does not seem so reasonable as it did after the more casual observation possible 
during the inspection of June 14th. 

The theory of damage arising from stresses in the masonry lining caused by unbal- 
anced pressures alternately upward and downward presupposed an existing break in the 
masonry bend of sufficient extent to allow the passage of air and water. It is based on 
the fact that in the original construction of the tunnel the space above the crown of the 
brick arch for a width of 18 feet was not a compact mass but was composed of stones 
driven between the lagging and brickwork. Between those stones existed air at atmos- 
pheric pressure. Furthermore, it is probable that this dry packing was not in all cases 
thoroughly tight, even though built with great care. When the water in the wheel-pits 
for any reason rose suddenly to a point some feet above the crown of the tunnel arch 
there would exist an upward pressure not balanced by the pressure above the arch until 
the water coming through the interstices of the brickwork established a condition of 
equilibrium, the entrained air being compressed with the same pressure as the water. If 
then the water level suddenly fell there would be a downward pressure due to the com- 
pression of said air above the tunnel arch, such pressure existing until it was lowered by 
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the escape of water through the openings in the brickwork. There would thus be alter- 
nately a tendency to raise and lower the tunnel arch and to thus widen the openings in 
the brickwork. While the correctness of this theory cannot be gainsaid, the action above 
described presupposes breaks in the masonry lining. If for no other reason this is evident 
from the fact that practically the same pressures existed in the tunnel from Wheel-pit 
Number Two to a point considerably below the intersection of the discharge tunnels and 
over only a small portion of this length was any damage observed. 

With a total length of tunnel of approximately 114 miles, we find the masonry lining 
in substantially perfect condition (except for slight erosion), excepting at two points 
each having a length of about 50 feet. The material and workmanship employed at these 
points of localized damage were precisely that employed elsewhere, and no evidence of 
defects in either were observable. The brick was hard and the joints were well filled 
along the edges of the breaks. We must thus inevitably reach the conclusion that the 
damage was inflicted by localized forces not existing elsewhere in the tunnel. This con- 
clusion led to the tentative adoption of the ice theory but, as stated above, there are 
phenomena not explainable on this premise. The manner in which the brick is shattered 
along the cracks indicates the action of forces greater than those heretofore considered. 
Moreover, there were cracks in the tunnel connected with Wheel-pit Number One and 
breaks in the joints of the granite intersection stones at points where ice could, by no 
stretch of the imagination, have impinged. In seeking for the primal cause of the diffi- 
culty, we must attempt to find a force of great magnitude whose action would naturally 
be confined to the points of rupture. We know that such a force moved inward the rock 
walls of both wheel-pits. The action of this force is now negligible, but it reached its 
maximum effect at the time Wheel-pit Number One was being extended and when Wheel- 
pit Number Two was being excavated. It is significant that the injury to the tunnel has 
in both instances occurred in the direct line of the wheel-pits and at points closely ap- 
proximate thereto. Furthermore, it is evident that the brick lining was displaced some 
years ago. ‘The rock movement in Wheel-pit Number Two attained its greatest magni- 
tude during the time that blasting was in progress in that whcel-pit and the records 
show that the damaged tunnel arch near that wheel-pit was completed on October 3, 1901, 
while the blasting in wheel-pit did not cease until November 25, 1901. The tunnel lining 
at the point of rupture was thus in position at the time the compressive forces in Wheel- 
pit Number Two were actively at work as blasting was still in progress. We may safely con- 
sider the masonry bend in the tunnel near Wheel-pit Number One was probably broken 
prior to the inspection of May, 1902, as the rock walls of Wheel-pit Number One had 
reached a state of equilibrium prior to that time. I have been unable to obtain any 
evidence upon this point. The breaks recently discovered were in the immediate vicinity 
of the bulkhead which was being removed on the occasion of the inspection of 1902. The 
attention of all those in this vicinity at that time was naturally concentrated upon the 
removal of the bulkhead and as an inspection of the tunnel from Wheel-pit Number One 
to the portal revealed no evidence of injury, it is quite natural that a break in the crown 
of the arch near the bulkhead would have escaped attention with the light available at 
that point. It is also very probable that no brickwork had fallen at that time and the 
cracks would be difficult to discover. 

The theory of the failure of the brickwork through rock pressure finds its strongest 
support in the following measurements made with great care at the several bents erected 
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for the repair of the brickwork near Wheel-pit Number Two and at other points in the 
connecting tunnel. The same centers were used throughout the length of the tunnel in the 
original construction and changes in the tunnel dimensions cannot therefore be ascribed 
to a change of centers, 


Width at Spring Line Height above Spring Line 
feet inches feet inches 
Bent No. 2 18 9% 9 6346 
3 18 10 9 636 
4 18 9% 9 6 
5 18 9% 9 6% 
6 18 9% 9 5% 
4 18 9% 9 5% 
8 18 934 
9 18 9 
10 18 84 9 GVA 
83 feet north of north face 
of lining wall of Wheel- 
pit Number Two 18 9% 9 5 
35 feet north of bulkhead 18 91% 6 9 5 
135 feet north of bulkhead 18 10 9 5 
335 feet north of bulkhead 18 10 9 5 
435 feet north of bulkhead 18 10 9 5 


It will be observed from the above measurements that the tunnel lining in the vicinity 
of the break near Wheel-pit Number Two has been narrowed at the spring line and raised 
at the crown. I know of no force, except the rock movement, which would have produced 
this result. The evidence of compression is not clearly shown by evidence in the tunnel 
near Wheel-pit Number One, but it must be remembered that the breaks in the lining are 
of much smaller extent at this point than near Wheel-pit Number Two. Evidence of the 
forces at work does, however, exist in the cracks in the lining of the tunnel connecting 
Wheel-pit Number One with the main tunnel and in the breaking of the bend between 
the granite stones of the intersection. If the tunnel was squeezed laterally we would 
expect the joints to be wider on the extrados than on the intrados of the arch near the 
crown. This was clearly shown in at least one point near Wheel-pit Number One. After 
the bend was broken some force, due to ice, or to air or water pressure, or both, must have 
been exerted to have lifted the broken sections of brickwork, as they would otherwise 
naturally key themselves in position. One piece of brickwork weighing several hundred 
pounds was found wedged above its original position near Wheel-pit Number One showing 
that it had been violently acted upon in an upward direction. This lifting force was 
evidently of considerable magnitude. 

It is natural to inquire whether we may expect a repetition of the injuries to the 
tunnel lining either at the same points or at other points, as the future usefulness of the 
tunnel will depend largely upon the answer to this question. If the damage was caused 
by the forces which move inwardly the rock walls of the wheel-pit, we may feel reasonably 
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assured that further injury will not arise from this cause as the movement of the wheel- 
pit walls is now so insignificant. The age of the breaks in the tunnel makes it evident 
that the force which caused them was exerted years ago and there is no evidence of any 
progressive deterioration. That the destructive forces are not likely to affect the main 
portion of the tunnel is clearly shown by the excellent condition of that part below 
Wheel-pit Number One. On the other hand, if the action of the ice be accepted as the 
primary cause of the difficulty, we know that the existing and future conditions are not 
such as to render a repetition of this action possible. 

The theory of injury through alternately upward and downward pressures exerted 
against the tunnel lining would be in itself an alarming one if it did not promise a primary 
injury to the lining from some other cause. That it is not in itself sufficient to destroy 
the lining is clearly evidenced, and now that the damaged portion of the lining has been 
restored to a condition more substantial than that which originally existed, it would 
seem reasonable to expect no future deterioration from this cause. 

I believe, therefore, that as the destructive forces have now ceased to act, we may have 
a comfortable assurance as to the future stability of the tunnel. 


A. H. Van Creve, 


Niagara Falls Consulting Engineer. 
August 8, 1908 
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FREEDOM OF CUSTOM DUES ON ELECTRIC CURRENT 
TRANSMITTED ACROSS THE INTERNATIONAL BORDER 


FREEDOM OF CUSTOM DUES ON ELECTRIC CURRENT 
TRANSMITTED ACROSS THE INTERNATIONAL BORDER 


The international connection established by cables on the Suspension Bridge across 
Niagara River, for the transmission of electricity between Power-houses Numbers 
One and Two on the American side and the power-house on the Canadian side, was 
facilitated by the ruling of the United States Treasury Department, June 20, 1890, 
“that electricity brought by wire from a foreign contiguous territory into the United 
States could not be assessed with duty, it being an invisible, subtle agent or power, and 
possessing no substance as a merchantable commodity.” 

This ruling was also useful for the Buffalo transmission, as it favored the construc- 
tion of a Canadian as well as New York State line, thereby enabling the company to 
assure the continuity of power transmission by the use of a double line from the power- 
houses at the falls, one on each side of the river to Buffalo. 

The Canadian authorities also facilitated the generation of electricity in the Cana- 
dian plant of The Niagara Falls Power Company for transmission to Buffalo, either 
directly on a Canadian pole line to a point in Canada opposite Black Rock near the 
Buffalo line, or by entering the United States over the Niagara Bridge for transmission 
on the American line to the receiving station in Buffalo. 

During the year 1907 the Dominion Parliament of Canada enacted a statute, known as 
the “Electricity and Fluid Exportation Act,”’ under the provisions of which the 
Dominion Government has issued to the Canadian Niagara Power Company a license 
to sell for export from Canada electrical energy at a rate not to exceed 60,000 horse- 
power. 


1 See Amendment of March 16, 1925, given in Chapter XI, page 230, Volume I. 
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COL. THEODORE TURRETTINI APPOINTED 
FOREIGN CONSULTING ENGINEER 
MARCH 10, 1891 


COL. THEODORE TURRETTINI APPOINTED 
FOREIGN CONSULTING ENGINEER 
MARCH 10, 1891 


Theodore Turrettini of Geneva, Switzerland, served as Consulting Engineer in the 
development of the water-power at Niagara. In this connection an account of his 
brilliant engineering career is given, indicating his participation in the rapid trans- 
formation of mechanical processes from 1870 to 1900, and showing the part he played 
as a pioneer in various fields of science. 

Born at Geneva in 1845, he belonged to an old family of Italian origin, which had 
established itself at Geneva in the period of the Reformation. A long line of ancestors 
(Magistrates, Ministers and Professors) had already brought fame to this family. 

Turrettini had pursued his classical studies in the college of his native city, had en- 
tered the technical faculty of the University of Lausanne, where he was graduated in 
1867 with the engineering diploma. 

Before taking the direction of the Société Genevoise d’Instruments de Physique, a 
small company founded by some scientists, he went to Berlin to perfect himself as a 
mechanician, first with Bonsack, then with Siemens & Halske. He returned to Geneva 
and took the direction of the organization on the first of January, 1870. 

This company employed at that time ten workmen and came out of every undertaking 
with a loss. 

In the same year he married Mademoiselle Favre, daughter of Alphonse Favre, the 
professor of geology. 

From 1870 to 1890 he worked upon the development of this company, which he put 
upon a solid foundation, and which attained a universal renown. From 1870 to 1874 
very little was undertaken except scientific instruments. In 1874 he manufactured air 
compressors of high pressure, and pneumatic drills for driving the Gothard tunnel, in 
which he took a keen interest. 

In this same year he constructed the first refrigerating machine, operating with 
sulphuric anhydride, invented by Raoul Pictet. This manufacture gave a great impetus 
to the development of the factory. The construction of the Equatorial of Bale, and of an 
equatorial for Paris, contributed to the reputation of the factory. 

He took an active interest in the inventions of Edison, and in 1880 spent six months 
at Menlo Park to work in collaboration with him. 

Returning to Europe, he worked upon the development of electric lighting with the 
incandescent lamp until his activity was absorbed by the hydraulic works of the city 
of Geneva. 

He was called by a popular vote to take a seat in the Administrative Council of the 
City of Geneva in order to solve three questions, viz; the regulation of the level of Lake 
Leman, the distribution of water in Geneva, and the distribution of water-power. 

At the same time that Turrettini was directing his hydraulic works for the city of 
Geneva, he had numerous other works of importance under his supervision. 

In 1891 he visited the United States as consulting engineer for The Cataract Con- 
struction Company, at Niagara, pursuant to the following invitation: 
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“Col. Th. Turrettini, ‘March 10th, 1891. 


Geneva. 
“Dear Sir: 

“We have much satisfaction in confirming our exchange of telegraphic communica- 
tions, as per copies enclosed, by virtue of which you have accepted our appointment as 
Foreign Consulting Engineer. 

“We have been prompted to make this appointment by reason of the intelligent 
manner in which you have performed your duties upon the International Niagara 
Commission ; by the interest you have manifested in our enterprise ; by the high estimate 
we have formed of your practical engineering talent; and by our desire to have a member 
of our Engineering Staff residing abroad, who can properly represent our Company and 
keep us advised as to the progressive developments, in Europe, of the arts applicable 
to our business. 

“We shall look to you to keep us informed regarding all matters of importance to our 
interests, connected with the construction and operation of our works. We have sub- 
mitted the requirements of our proposed users of power to our Board of Engineers, which 
is now engaged in formulating definite plans for the development and transmission of the 
power required therefor. We have urged as much haste as possible in the preparation 
of these plans, which we desire you to carefully examine here with this Board of Engi- 
neers before they are finally adopted. We hope to be able to advise you early in April, 
when such progress will have been made as to make it profitable for you to come here. 
We desire that you should become familiar with the American practise in hydraulic 
matters, now established at such places as Holyoke, Lawrence, Lowell, Manchester, etc., 
and to visit Niagara Falls, making a careful inspection of the territory and becoming 
familiar with our plans for its development, as well as with the requirements of the lessees 
of land and power now about contracting therefor. 

“We shall be pleased to have you make known the fact of your appointment, in order 
that you may be recognized in the scientific world, as our sole foreign representative in 
technical matters, and so that any communications regarding our enterprise, its de- 
velopment and utilization, may be directed to you for such attention as in your judgment 
they may require. We shall expect to keep you informed regarding our general progress ; 
and upon such special points in regard to which, after your visit here, you may request 
particular information. 

“We avail of this opportunity to express our appreciation of the kind offer you made 
on behalf of the city of Geneva, to permit the use of its power for the testing of any 
turbines that we might wish to submit to such trials in your country. 

“Awaiting the confirmation of your communications by cable and an indication as to 
the period when it will be most convenient for you to be absent from home, we beg 
to remain, 

“Very respectfully yours, 
“The Cataract Construction Company 
“EDWARD D. ADAMS, 
“President.” 


He returned for a second visit in 1893, a decisive year for the cataract company, for 
on that last visit the choice of the form of electric current was made, 
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B. G. LAMME, EARLY WORK ON FIRST 
5000 HORSE-POWER ALTERNATORS 


Description of Original 


5000 Horse-power Alternators 


EARLY WORK ON FIRST 5000 HORSE-POWER ALTERNATORS 
B. G. LAMME 


(This statement was prepared at the request of Mr. Adams made at the close 
of the ceremony of presentation of the Edison Gold Medal to Mr. Lamme in 
1918 for “invention and development of electrical machinery.” 

The following description of the early work on the first 5000 horse-power 
alternators was written in the fall of 1920 by B. G. Lamme, the electrical 
designer of these notable machines. It throws an interesting light on an im- 
portant step in the history of Niagara power by indicating the state of the art 
of dynamo design at that time and showing how many of the difficult problems 
were solved. Mr. Lamme prefaced his statement by saying that “Most of the 
material which I have given is based largely on my own connection with the 
work and my direct connection with others who were concerned with it; con- 
sequently, it is practically first hand information and agrees quite well with the 
records available in our engineering department.” 

The preceding electrical chapters have given an account of the generator 
designed by Professor Forbes, consulting engineer of The Cataract Con- 
struction Company, which was submitted to the Westinghouse Company in the 
summer of 1893, with the request that it propose such changes as might be 
found expedient in order to guarantee successful performance. Mr. Lamme’s 
history of the design of the early alternators points out the salient features 
of the design by Professor Forbes and the reasons for the changes which were 
developed by the Westinghouse Company.) 


The original design of Professor Forbes is quite interesting, from the present view- 
point, especially in indicating the serious mistake which would have been made if it had 
been adopted as it stood. It included many features which were then suspected, and 
are now known, to be utterly impracticable. It was on account of these doubts that the 
Westinghouse engineers objected seriously to the original design, and, in consequence, 
proposed alternative ones. The design finally adopted was a compromise between those 
of the Westinghouse Company and of Professor Forbes, embodying what appeared to be 
the most satisfactory features of both. 

It might be of interest to review some of the features of the first proposed type as 
submitted to the Westinghouse Company. I have rather complete data on this machine 
which were jotted down many years ago in one of my note books. I have contemplated 
sometime making an analysis of the electric and magnetic characteristics of this machine 
for the purpose of publication, partly as an engineering curiosity, and partly to illus- 
trate the limited knowledge of electrical machinery in those times. 

This original machine fixed the general type adopted for the ten generators actually 
built. It was a vertical shaft type, with a rotating external field of the “umbrella” type, 
with the poles carried inside the field ring or yoke and with a stationary armature inside 
the poles. Thus far this general construction was adopted in the later machines ; here, 
however, the real resemblance ends. In the proposed design there were eight poles, and 
as the machine was to operate at 250 revolutions per minute, this would give a frequency 
of 2000 alternations per minute (or 1624 cycles, in modern expression). The choice of 
this extremely low frequency was evidently based upon Professor Forbes’ recommenda- 
tions and was apparently predicated to a considerable extent upon his proposal to use 
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alternating current commutating type motors, which he considered practicable at this low 
speed. It must be borne in mind that the polyphase induction motor (the Tesla motor) 
had not yet been developed to a commercial point and it was felt that any electric power 
scheme like the proposed Niagara development must use motors to a very considerable 
extent. Therefore, the problem of frequency was made subservient to the practical 
operation of motors and Professor Forbes considered the commutating type alternating- 
current motor as a solution of the problem. 
FREQUENCY 

Meanwhile, the Westinghouse Company had been working on a low frequency polyphase 
system with a view to operating rotary converters and induction motors. The early 
experiments had been carried on at practically 3600 alternations per minute (30 cycles). 
A working rotary had been tested and also induction motors had been experimented with 
and looked quite promising. In consequence, the company was contemplating putting 
out this low frequency quite independently of the Niagara Falls work. 

As soon as the cataract company put its problem up to the Westinghouse Company, 
there was a clash of opinions. The Westinghouse Company was strongly in favor of 
induction motors, and rotary converters for converting toedirect current, for general 
purposes in preference to alternating current commutator type motors. From the 
Westinghouse Company’s viewpoint, 2000 alternations per minute was entirely too low 
for rotary converter or induction motor work, as possible range of speed combinations 
in the rotaries and induction motors would be extremely limited at this low frequency. In 
consequence, as an alternative, the company’s engineers proposed a sixteen-pole gen- 
erator at 250 revolutions per minute, giving 4000 alternations per minute (3314 cycles 
per second). This was so close to the 30-cycle work that had already been undertaken 
that it was considered a permissible departure. 

In presenting the Westinghouse Company’s case, some very interesting arguments 
were put up, as certain old records show. For instance, the possible speed combinations 
for 2000 and 4000 alternations, for both induction motors and rotary converters, were 
brought out quite fully and it was shown clearly that the higher frequency was far 
better. As neither the rotary converter nor the induction motor had yet been brought 
to the commercial point, this indicates that the practical possibilities of such apparatus 
were fully appreciated even at that early date. 

For a time there was more or less of a deadlock on the question of frequency. The 
Westinghouse Company prepared designs for a sixteen pole generator, to show that such 
a machine was practicable and it also stated that in many features the Forbes’ machine 
would not prove satisfactory and it took the stand that it did not wish to build such a 
machine, due to the great probability of complete failure from the operative standpoint. 
I do not know how the matter came up, but eventually it was suggested that, retaining 
the proposed speed of 250 revolutions per minute, a twelve-pole machine, giving 3000 
alternations (25 cycles) might be a good compromise, and I was asked to take up the 
design to see whether such a machine was practicable. It soon developed that, from 
the standpoint of design and operation, such machine appeared to be quite superior to 
the proposed eight-pole construction and practically as good as the sixteen-pole we had 
already proposed. The question of the effects of this frequency on rotary converter and 
induction motor speeds was also considered and it soon began to look as if this com- 
promise might be an excellent one. Eventually all opposition was overcome and the 
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twelve-pole machine was adopted. The Westinghouse Company was given the contract 
for three of these machines and I was authorized to begin work on the electrical design 
of such a machine, utilizing the general type which had been proposed, but I was allowed 
to make certain quite important changes in details as will be mentioned below. 


VOLTAGE AND REGULATION 


The original eight-pole machines proposed were radical in many respects other than 
the frequency. They were designed for two-phase 20,000 volts, with the intention of 
using this voltage directly for transmission purposes without the interposition of trans- 
formers. It was the use of this enormously high voltage, together with the design and 
construction features incidental to it, that raised the greatest protests from the Westing- 
house engineers. The type of armature coils proposed, the number and arrangement of 
the coils, the huge open armature slots required, the method of dissipating the heat from 
these coils, the insulating arrangements, etc., were all subjected to severe attack. For 
instance, the original design of the two-phase machine had eight armature coils per phase 


Diacram or Two-rpHase Macuine Havine Eicur ARMATURE COILs PER 
PuasE or OnE Coit Per PoLe 


or one coil per pole (see the accompanying figure). Each complete armature coil occupied 
two slots in the periphery of the armature. Thus with eight coils per phase, or sixteen 
coils total, there were only thirty-two slots total in the armature. The armature coils 
were approximately four inches wide and four inches deep. Each coil consisted of 110 
turns of No. 2 B. & S. gauge, round cotton covered wire, and, if I remember correctly, 
the completed coil was insulated on the outside with 14-inch thickness of “‘woodite,” a 
new insulating material which apparently could be moulded into shape. 

As these huge coils would be very liable to overheat, provision was made for cooling 
them by means of oil under pressure, which was to be forced into each coil at one end and 
was to flow in the interstices between conductors to the opposite end of the coil where it 
was carried off. It was argued by the Westinghouse engineers that such a method of 
cooling would be most unsatisfactory and unreliable. Eventually, to settle the argument, 
Dr. Sellers undertook to calculate the pressure required to force the required amount 
of oil through the coils, and the conclusion he finally reached was that it required about 
400 pounds per square inch, which he considered impracticable. 


411 


NIAGARA POWER 


Moreover, the proposal to generate 20,000 volts in the machine itself met with severe 
opposition and it was suggested that the use of relatively low voltage with step-up 
transformers was much more reliable. This opinion prevailed in the end, so that in au- 
thorizing the construction of these machines at the compromise frequency of 3000 
alternations, a voltage of 2200 to 2400 was adopted. 

Also the subjects of reactance and armature demagnetization, etc., were not so well 
understood at that time as at present, yet enough was known to indicate that the rela- 
tively small number of armature coils in the original machine, and the high armature 
magnetomotive force, would result in enormous flux distortions, very poor regulation, etc. 
Based upon these conclusions, the Westinghouse Company recommended “distributed” 
armature windings on these machines, the windings to be placed in a large number of 
slots per pole with only two conductors per slot, and this feature was used on the first 
three machines as actually constructed. In consequence, the first Niagara generators 
were constructed for relatively low voltage and with a relatively large number of arma- 
ture slots per pole, this latter feature being comparatively new in alternator construc- 
tion at that time. However, we had already obtained enough data with distributed 
armature windings to indicate that the reactance with such windings was relatively low 
and that this would probably be the coming type for all large work. Time had proved 
the correctness of this opinion. As the electrical design of these machines was placed in 
my hands, with Mr. Albert Schmid looking after the mechanical end in conjunction with 
the electrical, most of the new electrical features incorporated in these first machines 
were probably due to my own suggestions. However, it must be said that no radically 
new feature was adopted without consultation with all the parties directly interested 
in these machines and there was virtually full agreement throughout. 

In recent years I have roughly reviewed the design as originally presented to the 
Westinghouse Company, with a view to determining, by present methods of calculation, 
the probable operating characteristics of this machine. The figures indicate that the 
machine was even worse than we believed at that time. From the insulation standpoint, 
this early design was apparently totally inadequate, based on more modern experience, 
and there is no doubt in my mind, but that it would have been necessary, after the machine 
had been put in operation, to have reconnected the armature windings in parallel for 
relatively low voltage, with the addition of step-up transformers for obtaining 20,000 
volts. Moreover, from the heating standpoint, the machine was also totally inadequate, 
for unless the proposed oil-cooling system was almost theoretically perfect, there would 
have been excessive heating in the armature coils. According to my figures, the total 
dissipating surface on the armature coils was only one-tenth that of modern practise. 
Without oil cooling, the temperature attained at the rated current capacity would 
probably have been in the neighborhood of 300 to 500 degrees Centigrade. This, with 
the type of insulation used, would have been utterly impossible. Even with oil circulation, 
an almost ideal distribution of the oil would have been necessary to have prevented 
excessive local heating. ; 

From the standpoint of armature reaction and reactance, this machine was excessively 
bad, according to modern methods of figuring. The full load armature magnetomotive 
force was about three times as great as the no-load field magnetomotive, an inoperative 
condition from the modern standpoint. Even with modern turbo-generators, under the 
most extreme conditions of the design, an actual armature magnetomotive force of one 
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and one-half times as great as the field is considered rather excessive and, in some cases, 
dangerous, from the standpoint of parallel operation. Obviously, therefore, these early 
Niagara generators would have been extremely bad in this regard. 

Also the armature reactance for these machines, as later calculated, would have been 
excessively high, far higher than anything represented by the most extreme practise of 
the present time. 

The polar construction of the field was such that with the abnormal armature mag- 
netomotive force, size of slots, etc., the flux distortion and pole saturation, etc., would 
have been excessive and, in fact, would probably have rendered the machine inoperative. 

Also, according to my figures, the field winding proposed for this early machine would 
have been totally inadequate even at very high power-factor loads, in view of the fact of 
the enormous magnetomotive force of the armature relative to the field. In ordinary 
commercial service, apparently the field current would have had to be increased four 
hundred or five hundred per cent from no-load to full-load. 


MICA INSULATION IN FIRST ALTERNATORS 


I am bringing out the above points simply to indicate some of the features which we 
had to modify radically in the machines as actually built. As already stated, we dis 
tributed the armature winding in a large number of slots, using only two conductors per 
slot. By this means, our heat dissipating surfaces of the coils were enormously increased, 
and the problem of insulating the armature coils came within the range of existing ex- 
perience. Even at that, fearing unknown conditions of temperature, we undertook a new 
thing in the matter of insulation, namely, the use of almost solid mica wrappers for 
insulating the parts of the armature conductors imbedded in the core. This was an ex- 
pensive and difficult thing to do, but it was considered as in the nature of a most excellent 
insurance and well worth the price. Tests made within recent years, with thermo- 
couples, to obtain the actual internal temperatures on these coils on the actual machines, 
have shown that instead of operating at the usual forty or fifty degrees rise, as indicated 
by thermometers on the exposed parts, the internal temperatures on the buried con- 
ductors have actually been as high as 225 degrees Centigrade for long periods and have 
averaged pretty close to 200 degrees Centigrade during the whole period that these 
machines had been operating, covering some twenty-five years. Furthermore, this in- 
sulation is still in good condition. The ordinary type of insulation, consisting of fibrous 
materials, in use when these machines were designed, would have broken down under these 
temperatures within a few months at least, so that when we adopted mica insulation on 
these machines, as a departure from the standard practise, we builded much better than 
we really knew. 

Also in the construction of the actual machines, we went into the subject of ventilation 
quite carefully and figured out everything according to the best data available at the 
time. Considerable care was taken to ventilate the armature windings and the armature 
core was provided with numerous ventilating passages which was a construction just 
coming into use at that time. Such passages, however, were also shown in the original 
design. Even with the good ventilation provided, we missed it badly in the temperature 
of the buried armature conductors, as indicated by the thermo-couple readings men- 
tioned above, but this was due almost entirely to the enormous eddy current losses in the 
solid armature conductors used in those days. There were no data or means at hand for 
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calculating such eddy current losses at that time and all we could do was to “pile in 
copper” with a view to working at such low current density that the total losses would 
be within permissible limits. There was no way, in those days, to determine temperatures, 
except by thermometer, and it was impossible to place thermometers except on the 
exposed open parts of the winding. In consequence, reliable data regarding the actual 
hottest part of the windings was not obtainable at that time, nor for many years after. 

So much for the insulation and the heating of the armature. In the machine as 
designed, provision was made for a relatively high field magnetomotive force, the field 
winding being purposely made considerably stronger than the armature, compared with 
one-third as strong in the original design. This was accomplished by the use of a 
“weaker” armature, a larger air gap and a greater number of field windings. The 
amount of field copper in the machine as built was quite large as compared with the 
originally proposed design. Notwithstanding this, the field coils in these first machines 
“roasted out” within a year or so after being put in operation and new strap wound 
field coils were designed of heavy section, with mica insulation, and with ventilating 
spaces between layers. These newer coils proved adequate and are in operative condition 
today. 

Thus in the three fundamental features of heating, insulation and regulation, the 
25-cycle machine, as built, was vastly different from the original design, and the proof 
of the adequacy of the substitute design is found in the fact that these machines have 
operated successfully for some twenty-five years. 


VENTILATION 

One of the troublesome features which developed in the tests of the first machine built 
was the ventilation. Means had been provided for drawing the air through the armature 
field along certain paths. A “blower,” consisting of metal “scoops” on the upper frame 
or “driver” of the machine, was supposed to force air down through the machine along 
certain paths. However, upon test, it was found that these scoops were actually 
opposing the natural course of the air as set up by the rotation of the machine itself, 
and, therefore, dead air pockets were found in the machine. As soon as this was proved 
the suggestion was made that the scoops be reversed so that instead of blowing air into 
the machine they served to create a vacuum and pull it out. This enormously improved 
the ventilation, and, with other minor changes, we were able to get the desired ventilation. 

The machine as a whole was of such a design as to set up an enormous air circulation 
and the problem was to utilize this circulation most effectively. Presumably this was one 
of the first instances where is was necessary to make a fairly definite study of the problem 
of air circulation in large electrical machinery. 


25 CYCLES A STANDARD FREQUENCY 


This first Niagara generator also initiated the 25-cycle frequency. The manufac- 
turing companies had been considering the selection of some much lower frequency than 
60 cycles, to be used with rotary converters in particular, Moreover, engine-type gen- 
erators were coming into use and in those days many of the engines were of relatively 
low speeds, such as 75 to 90 revolutions per minute. Such low speeds did not adapt 
themselves well to 60-cycle alternators, due to the very large number of poles required. 
A 75 revolutions per minute, 60-cycle alternator, for instance, would necessitate ninety- 
six poles, and even 90 revolutions per minute would mean 80 poles. In consequence, some 
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much lower frequency was considered desirable for engine-type generators, and when 
it became known that the Niagara machines would be built for 25 cycles, this seemed 
to offer a good solution for the slow speed engine-type alternator. In consequence, 
this frequency was very quickly adopted for engine-type work and I believe a few engine- 
type alternators were actually built and put in operation by the manufacturing com- 
panies before the Niagara generators were put in commercial service. However, the 
full credit for initiating this frequency must lie with the Niagara generators. 


NEW METHOD OF DESIGN 


From the Westinghouse standpoint, another important development resulted. Up 
to the time of the design of these first machines, the company’s engineers had methods 
for calculating such machinery, more or less according to empirical methods; but from 
the design of the Niagara generators arose the present complete method of calculation, 
which has been used by the Westinghouse engineers ever since. This method started in a 
most interesting manner. Mr. C. F. Scott had a sheet iron templet cut out corresponding 
to the cross-section of one of the field poles. This in conjunction with an armature 
segment and paraffined paper, with iron filings, was used by him to make a “picture” of 
the magnetic field between the armature and the field poles of the machine. This was 
not uncommon practise in those days and was considered interesting and possibly 
instructive. Mr. Scott showed the picture to me and, after studying it a little while, I 
stated that I believed I could plot the flux conditions by calculation, just about as well 
as shown in this picture or possibly even better. Previous to this I had been attempting 
such plotting of magnetic fields on some large direct-current machines, so I undertook 
to plot the flux distribution of the Niagara field by calculation. From my plotted 
results, I then undertook to study the electromotive force conditions. It was obvious 
to me, even at that early time, that the plotted flux distribution or field form, corre- 
sponded to the electromotive force wave for one armature conductor. Also it followed 
that each armature conductor generated such an electromotive force wave, but displaced 
from the electromotive force wave of other conductors by an amount corresponding to 
the displacement of the armature conductors themselves. From the original flux dis- 
tribution, therefore, I plotted the electromotive force waves of all the conductors of the 
winding in their relative positions, and then combined them to get the resultant electro- 
motive force wave of the machine. This was done long before the first machine was 
completed. 

MEASUREMENT OF WAVE FORM 

The proof of the accuracy of this method, of course, would be furnished by a de- 
termination, by actual test, of the electromotive force of the completed machine. This 
was a difficult thing to obtain in those days. However, when the machine was set up for 
test, I arranged to wind a small wire cable around the external cylindrical field frame, 
one end of this cable being attached to a small windlass which was to be turned at a 
slow uniform rate to unwind the cable from the field and thus rotate the machine very 
slowly. The field was magnetized and a direct-current voltmeter was connected across 
the terminals of the armature winding with a view to taking direct readings at uniform 
intervals of time during the rotation of the frame. It was assumed that if the rotation 
was slow enough, the voltmeter needle would indicate in succession all the points in the 
electromotive force wave, and that an observer, by taking a large number of these 


415 


NIAGARA POWER 


readings, at regular frequent intervals, could thus plot the electromotive force wave of 
the machine. This was done, in a number of tests, and the interesting fact is that these 
readings all checked very closely with each other and, moreover, the measured electro- 
motive force wave of the machine coincided almost exactly with the one predetermined 
by calculation, as above described. It was evident that here were the elements of a method 
of calculation based upon actual flux distributions in the machine itself. Taking this as 
a basis, I worked on the method, during my evenings, for the next two or three years, 
expanding it and applying it to various kinds of machines, such as direct-current 
machines, alternators, induction motors, rotary converters, etc., and checking by 
actual test on various machines as they came through the shop, until I had proved that 
the method was fundamentally correct and was applicable, in general, to all our rotating 
apparatus. This developed method is the basis of the company’s calculation systems of 
today. While this system probably would have been developed later through other 
channels, yet it must be said that it was given its principal incentive through the first 
Niagara generator. 
CONSTRUCTION AND BALANCING 

In the actual shop construction of the first Niagara machine, many new problems 
came up which had never been encountered before. The building of large slotted arma- 
tures, with segmental punchings brought out many new constructive and manufacturing 
difficulties. Even the filing of the armature slots of these big machines presented many 
new problems. Mr. Albert Schmid, then shop superintendent, who also had charge of the 
drafting-room, and was responsible in general for the mechanical features of the 
machine, together with myself, who handled the electrical design, were in almost continual 
discussion of new manufacturing features and difficulties which were coming up every 
day. Lots of changes had to be made, due to manufacturing limitations. A large number 
of little things had to be watched, each of which, in itself, was of very minor importance, 
but which in the aggregate might be serious. However, when it came to the running 
tests, at first we were up against a real problem, for we did not have very good shop 
facilities for testing such machines, especially as they were of the vertical shaft type. 
The balancing of these machines also presented a serious problem. We had to rig up a 
special driving motor in a pit below the machine, for running the machine up to full 
speed. The field supporting housing or “driver,” as it was called, was suspended on a 
small hardened steel ball, and, through proper mechanism, was spun at a relatively high 
speed to determine the conditions of unbalance and to allow accurate balancing. Accord- 
ing to the figures of a number of mechanical engineers, including Dr. Sellers, I believe, 
this ball was totally inadequate to carry the weight under those conditions, but never- 
theless the test was made successfully. An interesting side incident in connection with 
this was that the company, which furnished the steel ball for this test, assumed, without 
proper grounds, that this was going to be one of the standard requirements of the 
Westinghouse Company and, consequently, sometime afterwards they wrote asking 
when we would require more of these balls, as they had prepared a stock of five thousand. 


ELECTRICAL TESTS 


In the testing of the first machine we wished to obtain saturation curves and other 
data and yet did not wish to install the final armature winding as we did not think it 
safe to ship the armature complete with the windings in place. In consequence, the full 
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winding was put on, in a temporary manner, that is, the slot conductors were put in 
place and the strap end connectors were attached to them by means of small steel bolts 
without solder and no tape was used over the joints. The machine was put on test and 
apparently ran in a satisfactory manner. An observer climbed up inside the stationary 
armature spider to observe the ventilating conditions, etc., while my associates and 
myself undertook to obtain the saturation curve of the machine by exciting the field. 
Readings were obtained at different field strengths up to practically normal voltage and 
then suddenly something happened. It developed afterwards that some of the little steel 
bolts, which clamped the strap end connectors to the slot conductors, had loosened up 
under vibration and finally shook into contact with each other, thus forming a short 
circuit between two or more conductors at the end of the core. This started an are and 
the draft of the machine immediately carried this to adjacent end conductors, all of 
them being untaped, and, in a moment, there was one tremendous are around the end 
windings of the entire machine. The tremendous air blast forced the arc in all directions, 
even down inside the internal spider and far out below the lower edge of the rotating 
field frame. It looked, at first glance, as though the whole infernal regions had broken 
loose. Everybody jumped for cover, as we did not know what was going to let go. The 
principal tester (E. R. Hill, now of Gibbs & Hill), on his way toward shelter, reached 
out and grabbed the rheostat handle and whirled in all the resistance, while on the run, 
and this “killed” the machine so that the are died down very quickly. This I believe, was 
the first heavy short circuit in an electric machine that any of us ever saw. In a few 
seconds after the trouble was over, we all came back to the machine and some one climbed 
underneath to see what had become of our man inside the spider, expecting him to be 
badly scorched. However, he sat there crouched up close to the shaft, but without injury 
of any sort. He said that the fire came in all around him but did not touch him. 


SHORT CIRCUIT TEST 


As soon as the cause of this trouble was discovered, the connections were all bolted 
up and soldered and taped sufficiently to prevent a repetition of the short circuit, and 
other tests were made. One of the tests made was to short circuit the machine on itself 
and gradually build up the field charge to normal value, to determine how much current 
would flow on short circuit. If I remember rightly, the machine gave about two times 
full load current on steady short circuit conditions, and there was no particular vibration 
or disturbance of any sort under this condition. However, I then told the testers to bring 
the machine up to full voltage and then “dead short circuit” it at the terminals, naturally 
expecting the machine to give about two times full load current. However, there was a 
terrific shock and the end windings showed evidence of being disturbed and flakes of 
mica came off the slot conductors, as if they had been hit a tremendous blow. This was 
the first time I had ever seen a large machine dead short circuited on itself and this was 
the first real knowledge that I had that the momentary short-circuit current in an 
alternator was enormously larger than the steady short circuit. My explanation of this, 
at the time, was that the momentary short-circuit current was limited only by the 
armature reactance, or “self induction” as we called it at that time, while the steady 
short-circuit current was limited by the demagnetizing effect of the armature on the field. 
I suggested that during the instant of short circuit, the armature had not yet had time 
to demagnetize the field and, therefore, an enormous current resulted. The interesting 
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part about this is that this action was not thoroughly investigated or analyzed until 
many years later, when we began to get in trouble from instantaneous short-circuit 
current rushes on large turbo-generators. Here were the indications of certain important 
phenomena, which, however, were not fully appreciated. Sometime after the machines 
were installed, short circuits were encountered at Niagara Falls which distorted the end 
windings of these machines and it was found necessary to modify the supports of the 
windings. If-we had fully realized the possibilities of danger in this first shop test, we 
could have saved ourselves trouble later. 


ROTARY CONVERTER CONTROVERSY 


As a side issue to this generator development, I may mention one important incident 
which occurred in connection with rotary converters. At that time I was carrying on a 
series of tests on an experimental rotary converter, consisting of a direct-current railway 
generator with collector rings added. Numerous tests had been made to show its ability 
to convert from alternating to direct current. The machine was then shown to visitors 
from Niagara, including Professor Forbes and Professor Rowland. Professor Forbes 
incidentally remarked that he believed the loss in this machine as a converter was the 
difference between the losses as an alternating-current machine and as a direct-current 
machine. Professor Rowland almost invariably took the opposite side from Professor 
Forbes and immediately stated that it was the sum of the losses instead of the difference. 
Then the argument was on. Neither side would yield and neither had any actual data on 
which to base an argument. Considering that this was a most interesting and valuable 
point, and not feeling capable of taking part in the discussion by such eminent au- 
thorities, I quietly gave instructions to have tests made to find what were the facts 
regarding its comparative rating as a converter and direct-current generator. It so 
happened that in this machine there was a very definite load limit as a direct-current 
generator, for it had been proved by many tests that with a certain current for about 
four hours, it would begin to smoke. Consequently, tests were run to find the corre- 
sponding current which would make it smoke when acting as a converter. The test 
showed that with 400 amperes load, about the same heating and smoking conditions were 
produced in the armature copper as obtained with 280 amperes as a direct-current 
generator.. This was a most positive result, for it was known definitely that this machine 
could not possibly carry 400 amperes for any appreciable length of time as a straight 
direct-current generator. Therefore, unquestionably, the armature loss was less as 
a converter than as a direct-current generator. However, when the results of this tests 
were placed before the two electrical engineers of the cataract company it apparently 
had no effect, as one of them rejected the results and the other accepted them. However, 
the results were conclusive in showing that the rotary converter had smaller losses than 
the corresponding direct-current generator, and the knowledge of this result had con- 
siderably to do with pushing the development of the rotary converter. I mention this 
simply because it arose from a controversy in connection with the Niagara Falls work 


ADDITIONAL GENERATORS— RECONSTRUCTION 


Several years after the completion of the first three generators for this plant, an 
additional order for seven machines was placed with the Westinghouse Company. These 
later machines were very similar in general design to the first three, the principal 
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modification being in the armature winding which was made with practically twice as 
many slots, and with one conductor per slot instead of two. The regulation character- 
istics on these newer machines were also slightly better than those of the first three. 
Otherwise the characteristics were very much the same.” 

As a part of this little story it may be mentioned that within the last few weeks, a 
contract has been placed with the Westinghouse Company for the reconstruction of the 
first three machines and two of the later ones, to change them to 12,000 volts instead 
of 2400, to conform with the standard practise on the modern types of generators used 
by this company. Thus, after some twenty-five years, these machines will be brought 
more nearly in line with modern practise. It may thus be said that the commercial life 
of these early machines was about twenty-five years, which is very long for electrical 
machinery, especially for new and radical types, such as these machines were at the time 
they were built. To illustrate one change in the times, it may be mentioned that the 
official of the Westinghouse Company who is in direct charge of manufacturing, knew 
nothing about this contract until about two weeks after it was taken, and he did not 
even know that the company had been asked to take up this reconstruction. In other 
words, on account of the enormous growth of the manufacturing business, the recon- 
struction of these five 3750-kilowatt machines hardly created a ripple on the manu- 
facturing surface, whereas twenty-five years ago they were the monsters among elec- 
trical machines. In view of the growth of the business, however, this is not surprising, 
for recently at Niagara Falls there have been installed three 32,500 kilovolt-ampere 
generators, that is, of almost ten times the capacity of the original Niagara machines. 
Moreover, hydraulically driven units of even larger size, up to 45,000 kilovolt-amperes 
are now being built.” Alongside these huge capacity machines, and the 30,000 to 40,000 
kilowatt turbine-driven generators of modern practise, the reconstruction of five 3750- 
kilowatt machines does not attract any particular attention. Thus these early machines 
which, when first built, attracted universal attention, have become mere incidents of the 
business, in their reconstruction. 

So much for these first generators; they led the way toward modern types of alter- 
nators in certain respects. They were of the rotating field construction, which is now 
universal, whereas the standard machines of that time had rotating armatures. But the 
type of field construction adopted on these early machines, namely, an external rotating 
field with internal stationary armature, did not persist, for various reasons. The later 
internal rotating field construction possessed advantages great enough to result in its 
superseding all others. The Niagara external field ring construction was very expensive 
in material, was difficult to manufacture, and did not tend toward natural ventilation, as 
is the case with an internal rotating element. In view of the fact that the limitations of 
copper and iron were approached long ago, and that our greatest modern advances have 
been through improved means of heat dissipation, we can realize that development has 
tended naturally toward that type which lends itself best to ventilation. 


1 See “The Reconstruction of the Umbrella-type Generators at Niagara Falls,” The Electric Journal, 
August, 1922. 


2 Within a few years after Mr. Lamme wrote this statement The Niagara Falls Power Company 
installed three 70,000 horse-power units. 
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However, these early Niagara machines were pace-makers, and, that they have been 
out-distanced eventually is no discredit to them; for, as stated before, they have served 


for twenty-five years, which makes them patriarchs in the electrical field. 


PERSONNEL 


We have dealt with the machines, and now for their makers. It is impossible to give 
individual credit to all who were interested in the early design of the first Niagara genera- 
tors and electrical equipment. As already brought out, a number of important features 
in the first machines constructed were taken directly from the original design as 
presented by the cataract company. In the machines as built, many of the important 
features were gone over and reviewed by everybody concerned and so many suggestions 
were made here and there, that most of the ideas embodied in the machine were, to a 
certain extent, the resultant of the opinions of several persons. Consequently, it would 
not be right to refer to any individual engineer as responsible for these machines. 
There were no older engineers on this work, with younger assistants, as is now common; 
for there were no “older” engineers then, all of us being in the younger class, all of us 
being young men, and young at the business, and the business itsclf was very young, 
from our present viewpoint. Everybody was optimistic and enthusiastic, willing to take 
long chances, especially as we hadn’t sufficient data to show the dangers. True conserva- 
tism, fathered of expensive failure, was not yet born. But we were all good designers, 
according to the definition I once gave Mr. Schmid that “a good designer always left 
a way open to make a change in case of trouble or failure.” 

Many of the men actively interested in this early Niagara work are not with us now. 
George Westinghouse, Oliver B. Shallenberger and Albert Schmid have passed away ; 
Stillwell, Scott, Wurts and many others have taken up other fields of endeavor. Of the 
few engineers still with the company, I recall at the moment only Mr. H. P. Davis, now 
vice-president, Mr. C. E. Skinner, now manager of the research department, Mr. 
Siegfried, mechanical assistant to Mr. Schmid, and myself. Mr. P. M. Lincoln, one of 
the company’s young engineers who was selected to operate this plant at Niagara, and 
whose history is quite intimately tied up with this first generating plant, was, until quite 
recently, still with us. 

In the early day, Mr. Stillwell had much to do with this undertaking, in the way 
of consulting work in general, dealings with the cataract company, and determining 
the general contract conditions. In other words, he was what we now would call the 
“general engineer” on the work. Mr. C. F. Scott acted in an advisory capacity in 
many ways. Mr. Skinner had much to do with the development of the mica insulation on 
both the armature and field of the generator. Many others, such as Mr. Lange, Mr. 
H. P. Davis, Mr. Wurts and Mr. Siegfried were in direct contact with the work in its 
various stages. Mr. Albert Schmid, as general superintendent, was largely responsible 
for the design as a whole, while, as intimated before, the electrical design of the genera- 
tors was turned over to me, although I was in daily consultation with the other engineers 
on all important features, So, in reality, it must be considered that this equipment was 
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the production of many men and not of any one individual. Thus this great undertaking, 
like all large engineering feats, was the result of the co-operation of many able and 
constructive minds. 


October 20, 1920 


CONSTRUCTION DATA OF 
ORIGINAL 5000 HORSE-POWER ALTERNATORS 


The following are the principal structural data of the 5000 horse-power “umbrella 
type” alternators installed in Power-house Number One. 

The forged nickel steel ring was 11 feet, 74g inches external diameter, 4/46 inches 
thick and 4 feet, 21% inches in height. The weight was 26,700 pounds. Inside the ring 
were bolted twelve cast steel pole pieces 15 inches wide and 30 inches long, each sur- 
rounded by a coil. The total weight of rotating parts was approximately 79,000 pounds. 
The fly-wheel effect of rotating parts was 2,020,000 foot pounds at one foot radius. 
The total weight of the generator was approximately 170,000 pounds. 

The external rotating type of generator was adopted in order to secure a high fly- 
wheel effect without exceeding definite limitations of total weight and thus meet the con- 
ditions fixed by the designers of the hydraulic turbines and governors in order to meet 
the specifications regarding change in speed when there was a sudden change in load. 

The diameter of the internal stationary armature was 10414 inches and the air gap 
was 34 inches. There were 187 partially closed slots %g inch wide and 314, inches deep. 
There were two bars per slot. The bars were insulated with a wrapper of Lonsdale 
cambric and mica; the thickness of the mica, including the cotton tape for binding the 
wrapper to the bar, was*seven-hundredths of an inch. After three machines were built a 
change was made in subsequent machines to 322 slots with one bar per slot. 

The field coils of the first three machines made in 1894 and 1895 were wound with 
copper strap .3 inch x .4 inch, cotton insulated. The coils were insulated from their 
enclosing brass bobbins by wood and the outside was covered with heavy cord. The 
ventilation was inadequate and they ran exceedingly hot. They were replaced by field 
coils of copper strap approximately 1 inch x 1 inch wound on edge. There were four 
such coils placed in concentric fashion and separated for ventilation by aluminum 
spacers insulated with mica and enclosed in a copper shell. The number of turns per coil 
was reduced from 192 to 18914. This type of field coil and the mica insulated armature 
bars were in excellent condition after twenty-five years of service. The machines were 
rated at 5000 horse-power at 2200 to 2400 volts, two-phase. 

Drawings and illustrations of the machines will be found in Chapters XXII and 


XXIII, Volume Two. 
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C. E. L. BROWN OF BADEN, SWITZERLAND 


Invitated to Establish Machine Works 
at Niagara Falls, October 18, 1891 


Paper on High Tension Read at Frank- 
fort, February 9, 1891. 


INVITATION TO ESTABLISH MACHINE WORKS 
AT NIAGARA FALLS, OCTOBER 18, 1891 


C. E. L. Brown, Esq. 
Baden, Switzerland 


Dear Sir: 


Not having heard of your establishing permanent since the severance of your con- 
nections with the Oerlikon Company, I beg to suggest to you the opportunity that now 
exists for a gentleman of your profession for the establishment at Niagara Falls of 
manufacturing enterprises with which you are somewhat familiar. The number of con- 
tracts that we have made and now have under negotiation, indicate very clearly that 
there will be a very rapid development at that place. The most favorable opportunity 
is that for the establishment of a machine shop. Primarily this would have its first large 
business in the construction of turbine wheels, and such additional machinery as it had 
the capacity to supply for the new manufactories in the process of construction. As this 
will become the great electrical center, all electrical machinery will of course be in great 
demand, and a manufactory of such articles upon the spot would, of course, have a 
superior advantage, if their work represented the highest state of the art, and not only 
in the supply of the original installation, but of their repair and extension. 

There are three other opportunities that have not yet been formulated into business 
shape, all in connection with the use of a large amount of electricity: 

First: for the smelting of copper mat. There is an enormous amount of this material 
shipped to Swansea, England, for treatment. The favorable location of Niagara Falls, 
in the highways of travel and cheap transportation, would give that locality great ad- 
vantages, entirely irrespective of the cheapness of its power, which, of course, is a profit 
of itself in comparison with other localities. 

Second: for the manufacture of aluminum. The two interests here (the Pittsburgh 
and the Lockport interests) are not prospering. There is a lack of capital; there is 
litigation, and the opportunities for the establishment of a great business are being 
wasted. 

Third: there is the electrolytic treatment of salt in the manufacture of alkali. Some 
of the largest salt works in this country are located in the center of the State of New 
York, within a short distance of Niagara Falls. 

There are other manufacturing interests in which cheap electricity in continuous 
supply affords new and profitable business opportunities. 

Commending these subjects to your attention, 

I am, with best wishes, 
Very truly yours, 
Edward D. Adams 


President 


As Mr. Brown had already contracted with others for the formation of Brown, 
Boveri & Company he was unable to consider the invitation in the foregoing letter. 


HIGH TENSION ALTERNATING CURRENT 
PRODUCTION, TRANSMISSION AND USE OF THE SAME 


Cuartes E. L. Brown, Electrical Director Maschinenfabrik Oerlikon 


(Paper read at the annual meeting of 
the Elektrotechnische Gesellschaft zu 
Frankfurt a. M. February 9, 1891) 


Most Esteemed Assemblage: 

I have been honored by the Elektrotechnische Gesellschaft in being permitted to 
address you here today. Kindly do not expect too much of me. I, however, have some- 
thing new and interesting to present to you. 

I do not have to review for this assemblage the theoretical considerations, how a 
definite amount of energy passes along rather small conductors with small losses if their 
voltages are chosen large enough. The simplest calculation shows how we could transmit 
tremendous amounts of energy over very small wire to the most distant localities with a 
minimum loss were not practical limits placed on the magnitude of voltage. 

Practical limits are presented, just as in other fields, which restrict us. 

These limits are fixed by the following considerations :— 

What maximum voltage can we safely generate for an industrial operation in an 
apparatus? 

What maximum voltages are we in a position to transmit long distances with the 
means available? 

And to what degree can we protect ourselves from the dangerous effects of a high 
voltage electric current? 

Until the present time, voltages of 2000, 3000 and perhaps even 4000 volts were con- 
sidered as the maximum to be used for practical operation. My intense activity in the 
field of electrical transmission however, as well as the continuously increasing sizes of 
projects whose execution under certain assumptions would assure a great national 
economic advantage and seems more and more a necessity, showed me that we are not 
very far away from the time when we shall fully harness electricity. My efforts, for a 
number of years, have been directed towards the introduction into practical operation 
of continuously increasing voltages, and consequently the question naturally arose as 
to “how may these be generated in the most rational way?” 

If we examine our ordinary direct-current machine somewhat closer in regard to this 
question we very soon come to the limit of practical possibility. 

The natural arrangement of its armature winding and the necessity of a commutator 
make rather difficult the construction of machines for quite high voltages, at least with 
the insulating materials at our disposal up to the present time. 

I have built direct-current machines up to 2000 and 2500 volts which were capable of 
operating continuously day and night without any trouble. However, their design has 
shown me that high voltages in such a machine, even if they should be generated, will lead 
to proportions, especially between insulating material and the armature copper, which 
would give to the machine an uneconomic size. 

These proportions distribute themselves more favorably for an alternating-current 
machine, which is to deliver a high tension current. The individual, completely separable 
distribution of its armature winding, which generates only a fraction of a total voltage, 
the omission of the commutator, and eventual possibility of having the armature remain 
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entirely stationary, and to set into rotation the magnetic field, make the alternating- 
current machine essentially better adapted for the generation of higher voltages. A 
very excellent example of this set are the large Ferranti machines. 

The most ideal apparatus for our purpose is one which is absolutely stationary, does 
not require continuous attention and is finally so constructed as to be kept in continuous 
service, without interruptions, over long periods of time. The transformer with sta- 
tionary windings for converting alternating-current from one voltage to another is such 
apparatus. 

A transformer according to my opinion should be so designed that its constituent 
parts may be dissembled readily. It should possess primary and secondary windings 
which are independent of each other which may easily be removed from the core at any 
time. The coils should be of such design as to be easily wound with any lathe. The insulat- 
ing material used for covering them should be placed as to prevent short-circuiting 
between the windings. Finally the whole apparatus and the external protective con- 
trivances should be so chosen as to function continuously without 
danger under all conditions. Such apparatus has been manufactured 
by the Maschinenfabrik Oerlikon. 

Because water which is absorbed in the insulating material used for 
the lower-voltage transformers of 2000-3000 volts leads to disastrous 
results, a new factor, oil, is being introduced as insulation for higher 
voltages—20,000, 30,000 and 40,000 volts. Oil is one of the best non- 
conductors and is capable of filling the pores of the various materials 
which are used for insulating purposes such as cotton, paper, etc., and 
also protects these against the elements. 

For testing oil as in insulator the ends of two cotton covered wires 
are twisted together. This is inserted in a vessel filled with oil (see 
illustration) which is strongly heated for a rather long period of time 
in order to expel all moisture from both the cotton and oil. Over the 
wires are placed glass tubes. If the ends of the wires projecting into 
the air are connected with the poles of an influence machine, sparks 
several centimeters in length, may be generated between the portions of the wire project- 
ing into the air without breakdown between the lower portions immersed in the oil. This 
is a good test for determining the insulating quality of oil. 

The first use of oil for this purpose was probably made by Brooks in his underground 
transmission lines in which he used ordinary insulated wire which was drawn through 
a tube containing oil. I introduced the use of oil for use in high voltage transformers. 
My process consisted in immersing the apparatus in a cast-iron tank filled with oil 
and heating this for a rather long period of time above 150 degrees Centigrade. I was 
able to go up as high as 40,000 volts with this type of transformer, without any difficulty 


whatsoever. 

We have now seen how by means of transformers we can reach exceedingly high 
voltages without difficulty. I will now outline briefly my views, in which I predict that 
all generating stations will be equipped with such apparatus. 

The current-producing generator thus becomes an alternating-current machine whose 
voltage may be selected as low as possible, for by that means such a dynamo may be 
developed in the truest sense of the word. This remark will be more readily understood 
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if I state that the windings of the armatures of the machines which are used for operating 
the machine works at Oerlikon consist of copper rods 30 millimeters thick which were in- 
serted into paper tubes for insulation. It will perhaps surprise you to hear that the wind- 
ing of a dynamo may consist of thick massive copper bars, the use of which is made 
possible by permitting these rods to rest in closed holes of the armature-iron, a design 
which as is known, I had used in 1885 in my ordinary direct-current machines. If you can 
picture such an armature with stationary copper rods resting in the armature-iron at 
about 40 volts, which in addition had no commutator you will readily agree with me that 
this machine had to satisfy extraordinary requirements for sure and safe operation. 

The current of such a machine is then stepped up to a higher voltage by means of a 
transformer, the oil of which acts not only as a protection against moisture and dust 
but also as an absolute protection against touching with hand by the individual. 

There only remains now to briefly describe the indicating instruments and the safety 
appliances used in the station. 

All switching manipulations are made at rather low voltage. They therefore do not 
present any greater dangers than our normal low voltage direct-current plants. 

A static volt-meter may be used as control for the high secondary voltage, which 
because of the absence of any coil, is an extremely simple and reliable apparatus and 
which since it is direct reading may easily be mounted so as to eliminate the chance of 
injury due to contact. 

In addition the usual safety contrivances are necessary. Lead fuses serve against 
short-circuiting. In case of the breaking of a wire of a transmission line, minimum 
current circuit-breakers are used and the safeness against grounding is effected by 
means of static apparatus. 

Let us now pass on to a discussion of long-distance power-transmission. The over- 
head transmission line is the only system which should be considered. I know that elec- 
tricity will, in this connection, be subject to prejudices, but I am convinced that time 
and experience will overcome this. I am fully convinced through past experience that the 
overhead line may be so arranged that it shall correspond in every respect to the require- 
ments which are placed upon other common types of construction work. 

For supporting points of high tension transmission line double-bell telegraph insula- 
tors serve well in dry air. The insulating capacity is lowered with an increased moisture 
content of the air which makes possible the surface conduction of current. 

Here again oil is called into play in the form of the well known Johnson & Philip’s 
fluid insulators. These consist of a porcelain-bell, which has, on the lower edge toward 
the inside, a channel. This channel is filled with thin oil of lower specific gravity than 
water. If water falls upon this it does not spread in a continuous plane over the surface 
of the oil, but scatters as individual droplets, which if above a definite size, sink below 
the surface. 

It should not be feared that the oil in the channel will be readily displaced by water, 
because it takes quite some time for an appreciable amount of water to deposit. 

The above insulator is exceptionally efficient. Prof. H. F. Weber in Zurich tested 
such insulators which were in service for one and one-half years in the Kriegstelten- 
Solothurn transmission system with a current at 2000 volts and could not detect the 
slightest leakage. 
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Notwithstanding this, I do not consider these insulators satisfactory for transmis- 
sion of power at ten times the voltage and have made suggestions for their improvement. 

The most simple multiplication of the insulation consists in the superposition of 
insulators, i.e., two insulators one placed on top of the other. The same effect may be 
obtained with only one insulator if the middle portion of same is made of porcelain with 
three oil rings and upon which a glass-lined cast-iron cap is placed. 

A further modification would be to place a porcelain-bell on a similar middle piece 
with oil rings which at times have a small channel as in the fluid insulators described 
above. ; 

Such insulators should not be entirely neglected. They should be examined, from time 
to time, cleansed and refilled with fresh oil. This is a decided advantage since as a result 
of it an involuntary control is effected over the fastening of the wire to the insulator, 
the poles and other protective devices which otherwise would be neglected. 

Poles will next be considered. The simplest type are wooden poles. Since we will under 
all conditions strive to lessen the number of points of support, we will therefore make 
these as strong as possible and set them about 70-100 meters apart. 

When using high iron supports (steel towers), the distance between individual points 
of support will be about 200 meters, for which corresponding strong line material should 
be selected. 

Under all circumstance the posts should have maximum heights and the transmission 
lines should be placed above telegraph and telephone lines. 

Next to be considered are lightning arresters. These must be placed both at each end 
of the transmission line and, from time to time, upon the intervening stretches and must 
be so arranged that they automatically interrupt the resulting passage through light- 
ning and the eventual leakage resulting therefrom of the line-current. This may be 
effected by having the lightning pass between two carbons which will automatically 
separate from each other during the current flow, extinguishing the existing are after 
which they move together and are again ready to function. 

Another item which must now be considered is current leakage into the air. The 
voltages at which this may be of importance will perhaps be learned within the near 
future as a result of experiment. The danger of this type of loss is much less than that 
which we have assumed up until now as most common in engineering. 

I will now pass on to the use (application) of such current. The machines which will 
be considered will not be so much those which convert power given to it at one end into 
mechanical power, but will as a rule consist rather in distributing electric current for all 
purposes of motor drive, of illumination, ete. 

Under no conditions, will the current be used at its high voltage, less so will it be 
directed to the consumer at such voltage. 

The conditions will rather, in nearly all cases, so arrange themselves that the current 
before its use must not only be stepped down once but even twice in which the voltage, of 
30,000 volts in transformer stations, is reduced to a voltage of 1000 or 2000 volts and 
at this voltage then the distribution to the customers or to transformers is affected. 

This whole arrangement from the primary station to the use of the current may at 
first glance perhaps seem as an extremely unsatisfactory one with reference to efficiency 
and uneconomical in regard to maintenance cost. 
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A closer examination, however, leads to an entirely contrary result. First concern- 
ing the primary arrangement, dynamos for quite low voltages may be built at a lower 
cost than for high voltages which may compensate for the price of the primary trans- 
former. In addition, the efficiency of the machines for lower voltages is greater than for 
machines for higher voltages so that in that respect also the difference for the com- 
bination of machine and transformer is an unimportant one amounting to only 1 or 2 
per cent. 

The chief results of the use of high voltages will be a saving in material necessary for 
transmission lines and the losses in same will be reduced to such an extent that the 
increase in cost for the transformers and the loss in the tranformation will be more than 
off-set. A simple example will prove this to you. 

Let us assume that we have 500 horse-power to transmit 20 kilometers and wish in one 
case to generate a voltage of 5000 volts with a dynamo and in another case a voltage 
of 30,000 volts by means of transformers and work only with 8 per cent transmission 
line loss. In the first case, we will have to have a copper wire of about 90 square miles ; 
the weight of the former being 32 tons and in the latter 3.2 tons. The additional cost 
of the transformers will be off-set by the saving in the transmission line cost. 

Let us now consider this matter from an efficiency standpoint. The efficiency of a 500 
horse-power generator at 5000 volts should have a maximum value of 92 per cent. If we 
add to this line losses which amount to 10 per cent, we obtain about 83 per cent at the 
end of the transmission line. In the second case the efficiency of the primary dynamo and 
transformer is 90 per cent, the efficiency of the line is 97 per cent and about the same for 
that of the secondary transformer. We thus obtain a resultant efficiency of 84 per cent. 
In addition to this, in the second case, we can deliver our 84 per cent at any voltage while 
in the first case at a voltage of 4500 volts which is not suitable under certain conditions 
and, therefore, has to be transformed still further. 

It is self-evident, that the second case of the multiple transformation is essentially the 
more economical. 

I should like to remark here that the idea, of stepping up and at the terminus of 
stepping down the voltage, is not new. In 1886, I proposed to the city of Naples a project 
based on this and was figuring at that time to go up to 10,000 volts in the trans- 
mission line, The time was not yet ripe for this, and consequently the project was not 
put through. 

The special purpose which the plant is to serve will naturally determine what type of 
current system will be introduced. If it is a question only of driving a motor or for 
electric lighting, ordinarily alternating-current will suffice. If in addition to the electric 
illumination, it is desired to operate small motors, polyphase alternating-current offers 
the most diverse applications. 

I have attempted above to outline how, according to my opinion, electric energy may 
be transmitted over long distances by using high voltages. 
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ENGINEERING EXPENSES 


IN 
EUROPE 


MEMORANDUM OF ENGINEERING EXPENSES IN EUROPE 


OF THE INTERNATIONAL NIAGARA COMMISSION AND INCIDENTAL THERETO, OF THE 
CATARACT CONSTRUCTION COMPANY, AND NOTES RESPECTING THE PARTICIPATION 
OF FOREIGN ENGINEERS AND MANUFACTURERS IN THE DESIGN AND CONSTRUCTION 
OF THE HYDRO-ELECTRIC EQUIPMENT OF THE POWER STATIONS OF 
THE NIAGARA FALLS POWER COMPANY 


The payments made to foreign engineers during the years 1891-1893, including the 
expenses of the International Niagara Commission, amounted to $75,872.91; this did 
not include the salaries and expenses of several members of the American Board 
of Engineers and officers of The Cataract Construction Company attending the sessions 
of the International Niagara Commission and in connection therewith, nor any pay- 
ments made to foreign manufacturers for their designs, construction and installation 
of machinery purchased from them. Additional payments were made after 1893, from 
time to time, for expert advice by foreign engineers. 

The participation of foreign engineers in the development of the power plants of 
The Niagara Falls Power Company commenced with the appointment of the Inter- 
national Niagara Commission which began its activities at preliminary meetings held 
in London, England, in May, 1890. At these meetings a letter of invitation was pre- 
pared and sent to a chosen list of engineering constructors, inviting them to submit, 
in competition, plans for the development and distribution of power at Niagara Falls. 
A report on the projects submitted to the International Niagara Commission was 
prepared under the date of April 13, 1891, by Prof. W. Cawthorne Unwin, secretary 
to the commission, and is herein reproduced (Part I, History, Part II, Detailed Ab- 
stracts of Projects, and Part III, Awards and Conclusions) as an historical document 
of engineering importance. 

As a result of the competition, a contract, dated July 14, 1892, was awarded Faesch 
and Piccard of Geneva, Switzerland, for complete working drawings of a 5000 horse- 
power turbine including a governor. The contractors sent out Rudolphe Baumann as 
their engineer to advise in respect of the proposals and of the workshop facilities of 
American manufacturers and to supervise the construction and installation of the 
machinery. Traveling and living expenses of the engineer were to be paid by the 
designers. Guarantees of efficiency, good working order and good speed regulation were 
included in the contract. 

The contract prices were as follows: 

Working drawings, supervision and guarantees of efficiency, good 
working order and good regulation, for two 5000 horse-power units $6,000 


Royalty for use of governor designs. . . ... +. +. » 98,000 
arc CUE OIereet ees. bec ok tee Ke Oka SO clea el ek ee 
$12,515 


Penalties were to be paid as follows: 
For every one per cent under a guaranteed efficiency of 75 percent. . $ 125 
For failure of turbines and governors to operate in good working order 6,515 
(The specifications were met and no penalties were exacted) 


Ten turbines were manufactured in America from the Faesch and Piccard designs 
by the I. P. Morris Company of Philadelphia, and installed in Wheel-pit Number One. 
The first three governors, however, were made in Geneva by the designers. 
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When the construction of Power-house Number Two was undertaken, the firm of 
Escher, Wyss & Company, of Zurich, Switzerland, was commissioned to furnish working 
drawings for a 5500 horse-power turbine unit. The drawings were subsequently used 
for the manufacture in America of eleven units which were installed in Wheel-pit 
Number Two and Nos. 11—21 inclusive. An agreement was made to pay the designers 
the sum of $2000, and in addition a utilization charge of $1000 for each turbine made 
from the drawings. 

An order dated August 9, 1900, was placed with Escher, Wyss & Company for a 
new type of oil pressure governor, which had been devised especially for the then unusual 
requirements of the Niagara development. The cost of the governor was $1600 and 
of a special oil pump to operate it, $350, f. o. b. Antwerp. 

The governor was installed experimentally at unit No. 5 in Power-house Number One 
in 1901. After it was in successful operation, Escher, Wyss & Company sent out 
Rudolf Weber, the designer of the governor, to demonstrate its capabilities. 

As a result of the experiments, the design was adopted for the eleven units in Power- 
house Number Two. The experimental governor was installed at unit Number 11 and 
ten of similar design were made in America for units Nos. 12 to 21. Four smaller 
governors for the exciter turbines, likewise from an Escher, Wyss & Company design, 
were also constructed in America. 

The original governors in Power-house Number One were replaced in the years 
1910-1912 by those of Escher, Wyss & Company design and the same type was adopted 
for all of the ten units in the Canadian Niagara Power Company plant. 

In 1902 an order was placed with Escher, Wyss & Company for three 10,000 horse- 
power turbines, complete with shafting and governors, erected in the Canadian plant. 
They were installed as units Nos. 1, 2 and 3. Shortly afterwards rights were acquired 
to use the Escher, Wyss & Company drawings for the construction, in America, of 
10,000 horse-power turbines Nos. 4 and 5, and an order placed for the manufacture of 
two governors, Nos. 4 and 5, at the Escher, Wyss & Company shops. 

Escher, Wyss & Company sent out Herman Prinz to supervise the erection of 
Canadian units Nos. 1, 2 and 3. He brought three Swiss foremen with him. Their 
compensation was included in the contract price of the machinery. 

Escher, Wyss & Company also furnished a sample bronze turbine runner and cast- 
iron core box to guide and facilitate the manufacture in this country of the runners 
for the turbines for Wheel-pit Number Two, two 174 horse-power turbines for driving 
centrifugal water pumps and also twenty-two high pressure triplex pumps for supply- 
ing oil for thrust bearings and for operating the governors. 

The centrifugal pumps next above referred to are the Sulzer type and were manu- 
factured in 1903 by Mather and Platt, in Manchester, England. 

Other foreign firms which furnished notable material or auxiliary equipment, either 
directly or through the turbine manufacturers, are: 


Skoda Works, Pilsen, Bohemia 
Cast steel penstock elbows for units Nos. 1-5 in Canadian plant and two 
spare cast steel turbine runners for Wheel-pit Number Two. 


Societé Anonyme, John Cockerill, Seraing, Belgium 
Nickel steel shaft forgings for Canadian units Nos. 1, 2 and 3. 
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Fried. Krupp, Essen, Germany 


Nickel steel forgings and rolled steel tubes for shafting of Canadian 
units Nos. 4 and 5. 


Rheinischer Metallwarenfabrik, Dusseldorf-Reisholz, Germany 
Rolled steel tubes for shafting of Canadian units Nos. 1, 2 and 3. 


Theodor Horn, Leipzig, Germany 


Tachometers for all of the governors in Power-house Numbers One and 
Two and in the Canadian plant. 


The total expenditures in England, France, Switzerland, Belgium and Germany, for 
engineering fees, machinery and material, resulting directly from the Niagara scientific 
commission under the presidency of Lord Kelvin, in London, amounted to about 
$430,000, not including $12,790 paid to French and German engineers for research 
in electrical reduction and purification of ores and their metals. 

Wooden models of the turbines and governors, furnished by Faesch and Piccard, were 
exhibited by The Niagara Falls Power Company at the World’s Fair in Chicago, in 
1893, where they attracted much attention and favorable comment. 
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TURBINES AND ALTERNATORS ERECTED IN THE 
POWER-HOUSES OF THE NIAGARA 
FALLS POWER COMPANY 


Brief Description of Turbines. 
Brief Description of Alternators. 


Hydro-electric Generating Units of 
The Niagara Falls Power Company, 
Canadian Niagara Power Company, 
in September 1918. 


Table Giving Installed Rated Capacity 
of Generating Units of The Niagara 


Falls Power Company in 1926. 


BRIEF DESCRIPTION OF TURBINES 
OF 
THE NIAGARA FALLS POWER COMPANY 


All of 250 revolutions per minute 


OriciInaL TurBinEs Nos. 1 ro 10, PowEer-Housre NuMBER ONE: 


Designed by Faesch & Piccard of Geneva, Switzerland. Built by I. P. Morris Company 
of Philadelphia, Pennsylvania 


Were Fourneyron type of turbines with two runners, the upper one being inverted. 
The water was discharged outward through the wheels and directly into the wheel-pit. 
The gates for regulating the speed consisted of cylinders which moved up and down on the 
outside of each wheel. Water pressure on the upper runner supported a large portion of 
the weight of the revolving parts of the units, the remainder being carried by a collar 
thrust bearing. Ice could easily close the small openings in the runners and also the 
openings in the disc of the upper speed ring, thereby reducing the upward thrust on the 
upper runner. This compelled the thrust bearing to carry an undue portion of the 
weight and caused frequent burnouts. 

On account of having no draft tubes there was a loss of head equivalent to the dis- 
tance from the center line between runners to the tail water level. 


Unirs Nos. 1 ro 10 (New Turbines Replacing the Original Turbines) : 
Designed by C. C. Egbert, Mechanical Engineer, The Niagara Falls Power Company 
and Canadian Niagara Power Company. Built by Bethlehem Steel Company, at 
Bethlehem, Pennsylvania. 


These turbines are the Francis inward flow type with a central draft tube discharging 
directly into the wheel-pit. 

The combination roller and oil pressure thrust bearings carry the entire weight of 
the revolving parts. 


Unirs Nos. 11 ro 21, PowEr-HovusE NuMBER Two: 
Designed by Escher, Wyss & Company, of Zurich, Switzerland. Built by I. P. Morris 
Company of Philadelphia, Pennsylvania. 


These turbines are the Francis inward flow type, discharging into a draft tube which 
branches into two sections. These run downward back of the wheel-pit walls and re-enter 
the wheel-pit at an angle of forty-five degrees. 

Balancing pistons on the lower end of the shafts, operating under water pressure, 
carry a large portion of the weight of the revolving parts of the units and the remainder 
is carried by oil pressure thrust bearings. 


Canapian Nriacara Power Company 
TurBinEs 1 ro 3: 
Designed and built by Escher, Wyss & Company, at Zurich, Switzerland. 


Tursines 4 ann 5: 
Designed by Escher, Wyss & Company, Zurich, Switzerland. Built by I. P. Morris 
Company of Philadelphia, Pennsylvania. 
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Turbines 1 to 5 have cylindrical wheel-cases with two runners, the upper one being 
inverted. These discharge into a common draft chest from which two draft tubes run 
into the side walls of the wheel-pit and re-enter the pit at an angle of forty-five degrees. 
A balancing piston located above the wheel-case carries a large portion of the weight 
of the revolving parts, and the remainder is carried by an oil pressure thrust bearing. 


TurBINES 6 AnD 7: 


Designed by C. C. Egbert, Mechanical Engineer, The Niagara Falls Power Company 
and Canadian Niagara Power Company. Built by Bethlehem Steel Company at 
Bethlehem, Pennsylvania. 


These turbines were designed to suit the conditions which existed. The wheel-pit had 
been completed for the installation of units 6 to 11 inclusive, which were to be the same 
as units 1 to 5 and to give 2500 horse-power more each than those already installed. In 
order to do this the turbines were built with two spiral wheel-cases. The upper one dis- 
charges through the draft tubes which had been built into the wheel-pit walls and the 
lower one through a center draft directly into the wheel-pit. All the weight of the re- 
volving parts is carried by oil pressure thrust bearings. 


Tursines 8 ro 10: 


Designed by C. C. Egbert, Mechanical Engineer, The Niagara Falls Power Com- 
pany and Canadian Niagara Power Company. Built by Wellman, Seaver, Morgan 
Company, at Cleveland, Ohio. 


These turbines were designed to give the same power as units 6 and 7 and to give 
greater efficiency by eliminating the double lower penstock elbow where the losses were 
rather large. The discharge from the single spiral wheel-case is through a draft tube 
moulded in the concrete arch which spans the wheel-pit and supports the turbine. The 
weight of the revolving parts is carried in the same way as units 6 and 7. 

The speed of all turbines is controlled by cylinder gates located between the runner 
and the guide vanes. They are moved vertically by the governors located on the genera- 
tor floor, through series of rods and levers. 

Approximate cost of Canadian Niagara Power Company’s turbines was as to units 


Numbers Per horse-power 
LetO0no $16.20 
Gato 11.25 
8 to 10 11.00 


October 18, 1925 
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BRIEF DESCRIPTION OF ALTERNATORS 
OF 
THE NIAGARA FALLS POWER COMPANY 


Aut or 25 Cycurs, 250 Revoxutions PER Minute 


ALTERNATORS 1 To 10—Powrr-HovusE NuMBER ONE 


Designed and built by Westinghouse Electric and Manufacturing Company of 
Pittsburgh, Pennsylvania. 


External revolving field type which requires large forged nickel steel field rings. 
Generate two-phase current at 2200 volts. 
Additional data are given in Appendix M. 

ALTERNATORS 11 to 21—PoweEr-HousE NuMBER Two 


Designed and built by General Electric Company of Schenectady, New York. 


Alternators 11 to 16 are the external revolving field type similar to Units 1 to 10. 
Alternators 17 to 21 are internal revolving field type which avoids the use of the 
large steel forging. 

Canapian Niacara Power Company 


ALTERNATORS 1 To 5 


Designed and built by General Electric Company. 
Internal revolving field type, wound for 12,000 volts, three-phase. 


ALTERNATORS 6 To 10 


Designed and built by Canadian Westinghouse Company of Hamilton, Ontario. 


Internal revolving field type similar Units 1 to 5. 


October 13, 1925 
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HYDRO-ELECTRIC 
GENERATING UNITS 
of 
THE NIAGARA FALLS POWER COMPANY 
CANADIAN NIAGARA POWER COMPANY 


September 20, 1918 


Power-HousE NuMBER ONE 


ORIGINAL UNITS RECONSTRUCTED UNITS 
On On 
Unit Commercial Rated Unit Commercial 
No. Service Power No. Service 
1 Aug. 26, 1895 5,000 Octa oS; 1911 
ys Aug. 1895 5,000 Nov. 6,1911 
3 May 14, 1896 5,000 Dec. 21,1911 
4 April 26, 1896 5,000 Oct-= 21, 1912 
5 Oct. 1,1898 5,000 Aug. 10, 1912 
6 Jan. 11, 1899 5,000 Dec. 38,1912 
7 Feb. 13, 1899 5,000 Mar. 3,1918 
8 Oct. 1898 5,000 April 7, 1912 
9 Feb. 23, 1900 5,000 June 22, 1912 
10 May 24,1900 5,000 Oct. 28, 1910 
POWER-HOUSE NUMBER TWO CANADIAN NIAGARA PI 
On On 
Unit Commercial Rated Unit Commercial 
No. Service Power No. Service 
ibs Oct. 31, 1902 5,000 1 July 27,1905 
12 Nov. 26, 1902 5,000 2 Sept. 11, 1905 
13 Dec. 4, 1902 5,000 3 Sept. 27, 1905 
14 Jan. 21,1908 5,000 4 April 21, 1906 
15 Feb. 12, 1903 5,000 5 May 17,1906 
16 Mar: 20, 1903 5,000 6 Dec. 6, 1910 
17 Nov. 21, 1903 5,000 7 July 28,1913 
18 Nov. 38,1903 5,000 8 Sept. 7, 1916 
19 Dec. 9, 1903 5,000 2 Oct. 22,1916 
20 Jan. 25,1904 5,000 10 Jan. 18,1917 


21 Mar. 16, 1904 5,000 


The alternators of the above units are of 
250 revolutions 


25 cycles 
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Rated 
Power 


5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 
5,000 


ANT 


Rated 
Power 


10,250 
10,250 
10,250 
10,250 
10,250 
12,750 
12,750 
10,750 
10,750 
10,750 


INSTALLED* RATED CAPACITY OF HYDRO-ELECTRIC GENERATING 


PLANTS OF THE NIAGARA FALLS POWER COMPANY 


NIAGARA POWER-HOUSES 


American No. 1 
American No. 2 
Canadian 


otalae 


HYDRAULIC STATIONS 
(All American) 


3-A Direct Current 

3-A Alternating Current 
3-B Alternating Current 
3-C Alternating Current 


Motaler 


Total Alternating Current 
Total Direct Current 


Total All Plants . 


SEPTEMBER, 1926 


Water-wheel Rating 

50,000 h-p. 

55,000 h-p. 
121,000 h-p. 


226,000 h-p. 


50,000 h-p. 
80,000 h-p. 
112,500 h-p. 
210,000 h-p. 


452,500 h-p. 


628,500 h-p. 
50,000 h-p. 


678,500 h-p. 


Generator Rating 
38,750 kw. 
41,250 kw. 
94,675 kw. 


174,675 kw. 


41,250 kw. 
57,600 kw. 
78,000 kw. 
156,000 kw. 


332,850 kw. 


466,275 kw. 
41,250 kw. 


‘Installed rated capacity is taken from the name-plate ratings, in some cases the maximum of which 
the machines are capable is as much as 10 per cent higher than the name-plate rating given in this table. 
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as 


EXTRACTS FROM “WATER-POWER IN THE BRITISH EMPIRE” 


by Sir Ducarp Cuerk, Chairman of the Water-Power Committee 
of the Conjoint Board of Scientific 


Societies, London, 1922 


APPENDIX 


THE FOLLOWING BRIEF EXTRACTS FROM “‘WATER-POWER IN THE BRITISH EMPIRE,” BY 
SIR DUGALD CLERK, AS CHAIRMAN OF THE WATER-POWER COMMITTEE OF THE CONJOINT 
BOARD OF SCIENTIFIC SOCIETIES, LONDON, 1922, ARE AUTHORITATIVE AND OF GENERAL 
INTEREST IN THIS CONNECTION. 


The coal position of the world, however, must deteriorate from decade to decade, and 
it might be of advantage to consider our position in a coalless and oilless world. 


The world may be considered as a high solar engine, in which the waters of the seas 
are evaporated by the heat absorbed, and much of the vapor carried to high levels, at 
which it is deposited as water and flows down to the sea. 


Hydraulic power, in fact, is a form of sun power, and will continue in existence long 
after the coal and oil in the world have been exhausted. 


Coal and oil have also been produced by the action of the great solar engine, and they 
contain a portion of the energy of radiation of past ages, stored up in the growing 
wood and leaves of plants, accumulations which are now being rapidly drawn upon by 
mankind. 


Coal and oil are thus the result of past radiant energy, while water and wind are due 
to present radiant energy. In one case, the store in the earth is being used up and can- 
not be replaced; in the other case, so long as the solar system lasts, power exists also. 


Undoubtedly, as time goes on, hydraulic power must become of increasing impor- 
tance. In comparing water and heat-engine power it is to be remembered that continuous 
water-power applied twenty-four hours per day gives three times the energy of heat- 
engine power at eight hours per day, so that if storage arrangements be successfully 
applied, one million horse continuous hydraulic power is equivalent to three million 
steam or other heat-engine power which is available at the estimated fuel cost for eight 
hours per day only. 


The considerations already outlined would indicate that the conservation and utiliza- 
tion of the water-power resources of the Empire is likely to be one of the most important 
problems in our political economy. 


It has usually been understood that the usefulness of a water-supply depends on the 
possibility of maintaining its uniformity over the whole period of the year, and that the 
maximum useful power is strictly limited by the minimum power which, by the aid of any 
suggested storage system, will be available towards the end of the longest probable 
period of drought. 


The main conclusions to be drawn from the evidence available to the Committee, are: 


(1) That the potential water-power of the Empire amounts in the aggregate to at 
least 50 to 75 million horse-power. 


(2) That the development of the Empire’s natural resources is inseparably con- 
nected with that of its water-powers. 
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(3) That much of this is capable of immediate economic development. 


(4) That the developments of such enormous possibilities should not be left to chance, 
but should be carried out under the guidance of some competent authority. 


One of our pressing duties as engineers consists in devoting ourselves to the most 
serious consideration of applying all possible water-power to supplement the work of 
coal, and so reduce consumption or increase the utility of our most important asset. 
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7 NIAGARA POWER CONSIDERED AS PART OF A 
PROPOSED “SUPERPOWER” SYSTEM 


es 


NIAGARA POWER AS A PART OF THE PROPOSED SUPERPOWER 
SYSTEM FOR THE REGION BETWEEN 
BOSTON AND WASHINGTON 


In the report of 1921, of the United States Geological Survey, regarding a proposed 
superpower system for.the region between Boston and Washington, W. S. Murray, 
chief of the engineering staff, describes the superpower system, and the power situation 
on the Niagara River and its relations thereto, in part as follows: 

The water that can be diverted at Niagara Falls for the generation of power is now 
limited by international treaty to 20,000 second-feet on the American side of the river 
and to 36,000 second-feet on the Canadian side. Practically the whole of this permitted 
diversion has been made, and no further developments are possible so long as the present 
treaty is in force. It may be abrogated on one year’s notice from either party. 

The question of additional diversion of water from the river for power is somewhat 
complicated with the navigation of Lake Erie, as any large increase in diversion will 
tend to lower the lake level. By the construction of remedial works at the outlet of Lake 
Erie, however, it will be practicable to increase the amount of water diverted for power 
without impairing the navigability of the lake. The scenic beauty of the falls may be 
preserved by constructing works that will distribute the flow more uniformly over the 
crest. This power would probably be cheaper to develop than St. Lawrence power and 
would be equally available for use in the superpower zone. 

The superpower system here recommended comprehends a plan of power production 
that includes the generation of electricity by steam at tidewater and on inland waters 
where a sufficient quantity of condensing water can be obtained, and also the utilization 
of all hydro-electric power that may be economically obtainable from rivers within the 
zone or within transmission distance of it. The electric power so generated will be co- 
ordinated through a system of interconnected transmission lines, the potentials of which 
will be on the order of 220,000 and 110,000 volts. 

The water powers of Niagara and St. Lawrence rivers are within transmission dis- 
tance of the superpower zone, but on account of the time required for construction on 
the St. Lawrence and of the treaty restrictions concerning the use of the water at 
Niagara Falls the power from these sources has not been considered available in the 
zone prior to 1930. 

Under present construction and operating costs, power purchased at Niagara or on 
St. Lawrence River at $20 a horse-power, ready for transmission at those points at 
potentials of not less than 220,000 volts, can be placed at Utica and Schenectady, New 
York, and at Northampton, Massachusetts, for 4.6 mills per kilowatt-hour, and at 
Paterson, New Jersey, for 5.7 mills. These figures assume purchases of not less than 
300,000 kilowatts delivered at a load factor of not less than 80 per cent. 

By the use of Niagara power to the extent of 300,000 kilowatts at a load factor of 
80 per cent in the Metropolitan division in 19382 the annual coal requirement will be 
1,204,000 tons less than the quantity which would be used were this amount of power 
generated by new steam-electric plants. 

As it will require about eight years to construct the proposed St. Lawrence hydro- 
electric works and about the same length of time to obtain additional capacity at 
Niagara Falls that could be released to the superpower zone, the load requirements of 
1930 must be met by other facilities. However, if these developments were completed by 
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1930, the load growth in the Eastern New England, Western New England, and 
Mohawk-Hudson divisions should be sufficient to absorb the available output of the 
St. Lawrence by 1932, and that of the Metropolitan division should be sufficient to 
absorb 300,000 kilowatts at a load factor of 80 per cent from Niagara in the same year. 
It is believed from consultation with the best-informed authorities on these two projects 
that power could be purchased from them at not more than $20 per horse-power per year 
delivered at their bus-bars, and accordingly this figure is used in determining their effect 
on the cost of power to those divisions of the superpower zone so supplied. 

The Metropolitan division by 1932 can absorb 300,000 kilowatts of Niagara power 
delivered at a load factor of 80 per cent. The cost of this power delivered at Paterson, 
New Jersey, will be about 5.7 mills per kilowatt-hour. The total cost to the Metropoli- 
tan division for the power it will require in 1932, if Niagara power is used, will be 
$107,651,000. If the growth in energy required between 1930 and 1932 were supplied 
from new steam-electric plants located in the Metropolitan division, the total cost for 
power to the division in that year would be $110,899,000, showing a saving of $3,248,000 
in favor of Niagara power. Were the power purchased from the Niagara power interests, 
so that no investment by the superpower system in hydro-electric power-plants at 
that location would be required, the total added investment for 1932 would be $5,080,000 
less than that which would be required if the Niagara power were displaced by steam- 
electric power. 
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FORTY YEARS OF POWER DEVELOPMENT AND ELECTRICAL 
DISTRIBUTION FROM THE FALLING WATERS OF 
NIAGARA BY THE NIAGARA FALLS 
POWER COMPANY 


FORTY YEARS OF POWER DEVELOPMENT AND ELECTRICAL 
DISTRIBUTION FROM THE FALLING WATERS OF 
NIAGARA BY THE NIAGARA FALLS 
POWER COMPANY 


The successive incidents during the ten years subsequent to the original incorporation 
of the so-called Gaskill-Evershed Power Company, and for twenty-two years thereafter, 
are briefly suggested as follows: 


1886 Evershed power project announced and “Gaskill” company formed. 
1887 Public offering of capital stock, without success. 
1888 Prospectus prepared for bond issue, in London, but not issued. 


1889 Subscription invited for capital, without avail, and optional contract made for 
sale of company. 


1890 Sale of company concluded to New York capitalists. 


1890 International Niagara Commission organized June 21, to conduct a scientific 
symposium on the development of power at Niagara Falls. 


1891 Niagara power project formulated, central power station adopted December 14, 
for generation and distribution of energy by electricity or by compressed 
air, and general construction commenced. 


1892 Hydraulic system adopted, with central power station and 5000 horse-power 
turbines under contract. 


1893 Tunnel completed and alternating current adopted May 6; contracts for alter- 
nators signed October 26. 


1894 Turbines installed and alternators under construction. 


1895 Alternators installed and hydro-electric units of 5000 horse-power put into com- 
mercial operation August 26. 


1896 Three alternators (15,000 horse-power total) in operation and electric power 
delivered in Buffalo, beginning November 15. 


1897 Provision for additional alternators to meet increased demand of chemical and 
metallurgical industries. 


1898 Construction of duplicate wheel-pit slot commencing for Power-house Number 
Two for 50,000 horse-power development. 


1900 Principal works completed and ten alternators of 5000 horse-power each in 
service in Power-house Number One. 


1902-1904 Power-house Number Two completed; 55,000 horse-power. 
1905-1906 Canadian plant constructed with 51,250 horse-power. 


1910-1913 Efficiency of Power-house Number One increased by reconstruction of 
hydraulic units with Francis-type inward-flow turbines. 
1 Niagara River Hydraulic Tunnel, Power and Sewer Company. 
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1910-1917 Rated capacity of Canadian Power-house increased by 57,750 horse- 


1918 
1918 
1924 
1926 


power to a total of 109,000. 
31 hydro-electric units in three power stations total capacity 214,000 horse-power. 
Consolidation of power companies. 
12,000 horse-power turbine added to Canadian plant. 


Installed capacity of all power-houses, including those of Schoellkopf companies 
678,500 horse-power. 
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POWER STATISTICS OF UNITED STATES 
AND OF NEW YORK 


Compiled from data issued by the Division of Power Resources 
of the United States Geological Survey and from the census of 
Electrical Industries, 1922, Central Electric Light and Power 


Stations issued by the Department of Commerce 


POWER DEVELOPED AT NIAGARA FALLS, 1921 


The plants near Niagara Falls together form the largest water-power development 
in the world. 

At Niagara Falls, on Niagara River, which connects lakes Erie and Ontario, there 
is the finest power site in North America. Here are combined a high head that is easily 
developed, a large uniform flow, and a market for the power. The unique scenic beauty 
of the falls has prevented the complete utilization of the site, but the plants in operation 
have a capacity of 870,000 horse-power, of which 385,500 horse-power is on the United 
States side. The power actually developed amounts to about 700,000 horse-power. To 
this total should be added 12,000 horse-power developed on the Welland Canal and 
42,000 horse-power developed at Decew Falls, 2 miles from St. Catharines, Ontario, 
from water diverted from the Welland Canal over the Niagara escarpment. A license 
has been granted by the Federal Power Commission that will increase to 500,000° horse- 
power the installed capacity on the United States side of Niagara River. The Hydro- 
electric Power Commission of Ontario is now constructing an additional plant at Niagara 
Falls which will have an initial capacity of 300,000 horse-power and an ultimate capacity 
of 540,000° horse-power. The water is to be carried 12 miles through a canal and used 
with an effective head of 305 feet. A large part of the power at Niagara Falls is obtained 
from plants operating at heads of less than 200 feet, though the difference in level 
between lakes Erie and Ontario is 327 feet. If the total flow of the river were used the 
falls would furnish, under favorable conditions, about 6,000,000 horse-power. A plan 
whereby 60 per cent of the total flow of the river can be diverted for developing power 
is being considered. 

Exceret From “Woritp ArtLAs oF COMMERCIAL 
Grotocy, Parr II, Warer-power or THE Wortp,” 


Pus.tisHuep By Unirep Strares GEOLOGICAL 
Survey, 1921 


1These developments substantially completed by 1926. 
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PRODUCTION OF ELECTRIC POWER BY PUBLIC UTILITY 
PLANTS IN THE UNITED STATES 


1920-1925 


Per cent of 


U 8. Total N.Y. Per 
Years United States New York State produced by cent of 
water-power U.S. Total 
and fuel 
1925 Kw-h. Kw-h. 
Water-power 22,355,917,000 4,484,970,000 33.9 20.06 
Fuels 43,514,389,000 5,781,730,000 66.1 13.29 
Totals 65,870,806,000 | 10,266,700,000 100 15.58 
1924 
Water-power 19,969,463,000 3,961,177,000 33.8 19.84 
Fuels 39,044,127,000 5,327,392,000 66.2 13.64 
Totals 59,013,590,000 | 9,288,569,000 100 15.74 
1923 
Water-power 19,615,701,000 3,560,816,000 35.1 18.15 
Fuels 36,312,155,000 5,160,374,000 64.9 14.21 
Totals 55,927,856,000 8,721,190,000 100 15.59 
1922 
Water-power 17,206,465,000 2,951,818,000 36.1 a igo bss 
Fuels 30,452,539,000 4,468,960,000 63.9 14.68 
Totals 47,659,004,000 7,420,778,000 100 15.57 
1921 
Water-power 14,970,408,000 2,203,564,000 36.5 14.72 
Fuels 26,005,209,000 3,967,142,000 63.5 15.27 
Totals 40,975,617,000 6,170,706,000 100 15.06 
1920 
Water-power 16,149,709,000 3,029,623,000 eal | 18.76 
Fuels 27,405,171,000 3,909,419,000 62.9 14.26 
Totals 43,554,880,000  6,939,042,000 100 15.93 


460 


APPENDIX 


PER CENT OF PRODUCTION OF ELECTRIC POWER 


In THE UNITED STATES AND IN THE STATE OF NEw YorxkK FROM WATER-POWER 


AND Furs 1n YEARLY PeEriops For Srx Years, 1920-1925 


United States New York State 


Vanes W ater-power | Fuels | Water-power Fuels 
(Per cent ) (Per cent ) (Per cent ) | (Per cent ) 
1925 33.9 66.1 43.7 56.3 
1924 33.8 66.2 42.6 57.4 
1923 35.1 64.9 40.8 59.2 
1922 36.1 63.9 39.8 60.2 
1921 36.5 63.5 35.7 | 64.3 
1920 ca fie 62.9 43.6 | 56.4 


STATE OF NEW YORK 
ANNUAL PropucTion oF Execrriciry By Usrt or WATER-POWER 
1920-1925 


Per cent of Total State Per cent of Total United 
Years Kilowatt-hours Production from States Production by 
Water-power Water-power 
1925 4,484,970,000 43.7 20.06 
1924 3,961,177,000 42.6 19.84 
1923 3,560,816,000 40.8 18.15 
1922 2,951,818,000 | 39.8 | es 
1921 2,203,564,000 35.7 14.72 
1920 3,029,623,000 45.6 18.76 
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NEW YORK’S RELATIVE PROPORTION OF ELECTRIC POWER PRODUCED 
BY PUBLIC UTILITY, PLANTS AN (DHE, UNITED Siatis 
1920-1925 
(Condensed from table on page 460) 


United States New York State N.Y. Per cent 
Years Raech: Kw-h. of U.S. Total 
1925 65,870,306,000 10,266,700,000 15.58 
1924 59,013,590,000 9,288,569,000 15.74 
1923 55,927,856,000 8,721,190,000 15.59 
1922 47,659,004,000 7,420,778,000 15.57 
1921 40,975,617,000 6,170,706,000 15.06 
1920 43,554,880,000 6,939,042,000 15.93 


ANNUAL CONSUMPTION OF COAL 


In THE PRODUCTION OF ELECTRICAL PoweER IN THE 


Unirep STATES AND IN THE STaTE OF New York 


1920-1925 


Suort Tons 


Year United States New York State Ear Cent oF 
| U.S. Total 
1925 40,222,006 5,030,541 12.51 
1924 37,556,000 4,949,267 13.18 
1923 38,954,005 5,067,313 13.04 
1922 34,178,907 4,643,268 13.58 
1921 31,585,284 4,392,482 13,91 
1920 37,123,855 4,747,709 12.78 
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APPENDIX 
ANNUAL CONSUMPTION OF COAL 


In Propuction or ELEctTRICcITY 


ELECTRIC POWER PLANTS CONSUMED NEARLY 114 Tons OF COAL 
EACH SECOND In 1925 


The amount of coal consumed in producing electricity in 1925 was only 7 per cent 
greater than in 1924. The amount of oil was 38 per cent less and the amount of gas was 
4 per cent less than in 1924. Although the oil consumed amounted to more than 10 
million barrels and the gas to nearly 50 billion cubic feet, coal represented nearly 90 
per cent of all the fuel used by electric power-plants. The coal plus the coal equivalent 
of the oil, gas, and wood used in the generation of electricity by public-utility plants in 
1925 amounted to about 45,000,000 tons, or an average of nearly 3000 pounds a second 
or 100 carloads an hour throughout the year. 

The following figures of consumption of coal and its approximate equivalents in other 
fuels, 1919-1925 are upon the basis of 


1 ton of coal = 4.2 barrels of oil == 22,000 cubic feet of gas 


1 horse-power — .746 kilowatt of electricity 


Pounds of coal used per kilowatt hour produced 


Year Pounds of Coal 


1925 1 aL 
1924—— 22, 
1923 == °24 
1922——" «2.5 
LASS ee ey 
1920 ==—) - 3.0 
1919 = See 


This record indicates an improvement in the efficiency of steam engines in the use of 
coal of 26 per cent in six years. 

The total annual output of electricity by public utility power-plants in 1925 was 
65,801,000,000 kilowatt-hours, an increase of 11.5 per cent over the output for 1924. 
Of this quantity, 33:9 per cent was produced by the use of water-power, a slight increase 
over the percentage of 1924. It would have required the consumption of 23,000,000 tons 
of coal to generate this per cent. More electricity was generated for public use by public 
utility power-plants in the United States in December, 1925, than ever before in one 
month, the total being 6,108,000,000 kilowatt-hours for the month. 

The gain in the efficiency of fuel continued in 1925, as there was a decrease of about 
0.1 pound in the average consumption of coal per kilowatt-hour, compared with the 
rate of 1924. This apparently small gain amounts to more than two million tons of coal 


for the year. 
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PRODUCTION OF ELECTRIC POWER BY PUBLIC-UTILITY 


NIAGARA POWER 


POWER-PLANTS IN THE UNITED STATES 


FOR 1926 


CompiLep By Drivistons oF Power Resources, GEOLOGICAL SURVEY, 


Unperr THE Direction or A. H. Horron 


Total monthly production of electricity by public-utility power-plants in 1925 and 1926 


January 
February . 
March . 
April 
May 

June 

July 
August 
September 
October 
November. 
December . 


5,573,000,000 
5,001,000,000 
5,392,000,000 
5,181,000,000 
5,240,000,000 
5,246,000,000 
5,389,000,000 
5,465,000,000 
5,495,000,000 
5,949,000,000 
5,786,000,000 
6,153,000,000 


65,870.000,000 


| 


Produced by Water-power, 


Per cent 
1926 Increase P ed eee 

oy 1925 1926 

6,121,000,000 10 30 | 32 
5,602,000,000 12 35 | 34 
6,149,000,000 14 38 37 
5,773,000,000 11 39 40 
5,809,000,000 gh 39 40 
5,879,000,000 12 35 38 
5,917,000,000 10 35 34 
6,145,000,000 12 32 34 
6,180,000,000 12 29 33 
6,555,000,000 10 30 33 
6,450,000,000 ah 34 35 
6,767,000,000 10 32 35 
— 73,347,000,000 11 34 35 


The curves on page 465 show by months the average daily production of electricity 


for 1925, 1926, and the six-year period 1920 to 1925. 
The total output for 1926 was 73,347,000,000 kilowatt-hours, an increase of about 
11 per cent over the total output for 1925. The proportion of the total output produced 


by the use of water-power was 35 per cent, 1 per cent larger than in 1925. 


The quantities given are based on the operation of all power-plants producing 10,000 
kilowatt-hours or more per month, engaged in generating electricity for public use, 
including Central Stations and Electric-Railway Plants. Reports are received from 
plants representing over 95 per cent of the total capacity. The output of those plants 
which do not submit reports is estimated ; therefore the figures of output as reported are 


on a 100 per cent basis. 
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MILLIONS OF KILOWATT HOURS 


APPENDIX 


NOTE: AVERAGE DAILY PRODUCTION IS OBTAINED BY DIVIDING THE TOTAL 
FOR THE MONTH BY THE NUMBER OF DAYS IN THE MONTH 


CENTRAL STATIONS, ELECTRIC RAILWAY PLANTS, AND OUTPUT 
OF OTHER PLANTS GENERATING ELECTRICITY FOR PUBLIC USE 


EectricaLn Enercy Propucrep By CentTraL Power STaTIons 
In THE Unirep Srarrs 


The curves show an approximate doubling of output every five 

years or a sixty-four fold increase in the thirty-two years since 

The Niagara Falls Power Company began operation in 1895, in- 

augurating the large scale use of polyphase alternating current. 

All of the electrical energy now generated with the exception of 
a few per cent is by the system adopted at Niagara 


ANNUAL AVERAGE 


NIAGARA POWER 
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1915 


1920 


1925 


1930 


INDEX 


ABERNETHY, G. N. (Engl. Civil Eng.), quoted 
in N. R. H. T. P. & S. Co. prospectus, I 
126; sanctions unlined tunnel, II 22 

Azrasives, manufacture developed by Niag. 
power, II 307, 311-313; aloxite furnace 
(illus.), II 312; carborundum furnace 
(illus.), II 311 

Acueson, Dr. E. G., inventor carborundum, 
founder artificial abrasive industry at 
Niagara, II 307, 311, 371 

Acxker Process Co., uses Power from Schoell- 
kopf Sta. Two, I 81 

Apams, Bronertr & Co., subscriber first con- 
struction work Cat. Constr. Co., I 294 

Apams, Epwarp Dean (Financier, New York 
City), member Niag. Falls Assn., I 104; 
investigation Evershed plan as partner 
Winslow, Lanier & Co., I 141; resigns 
directorship Edison Illum. Co., 1164; Cat. 
Constr. Co.: dir., I 236, pres., I 236, 244, 
investigations abroad as pres. of, I 159, 
164-177, 297, 298, (illus. as mem. La 
Partie Carrée), I 273, formation and 
first meeting Internat. Niag. Com., I 162, 
172-177, 182, II 191, correspondence with 
Thomson re completion of work of, I 190, 
picture in room where com. met (illus.), 
L177; Niag. Falls Power Co.: dir., I 237, 
238, 242, 243, portrait, I 250, pres. first 
board, II 376, official inspection power- 
houses (illus.), II 69, 72, power-houses 
named for, II 137; Niag. Falls Power 
Co., 1918: dir., I 238, initials on first stock 
certificate, I 315; Tonawanda Cataract 
Power Co., on first board of, I 340; in- 
terviews: with Westinghouse on Buffalo 
trans., II 203, with Stillwell on period- 
icity of Niag. alternators, II 238, with 
Rothschild on Niag. development, I 297, 
298; author “Niagara Power” (illus.), 
II 364, 377; cable correspondence of, see 
“Cables, telegraphic” 

AITKIN, JoHN W., subscriber to first constr. 
work of Cat. Constr. Co., I 294 

Axsany, N. Y., Erie Canal opened to, I 64; 
contract for transmission of power to, 
I 240; N. Y. State Legis. see “New 
York State Legislature” 

Axconauin Inprans, exchange hostages with 
French, I 5 

ALIGNMENT Tower (near N. Y. Cent. Sta. at 
Niag. Falls), anecdote and picture of 
(with illus.), I 280, 281 

ALLEN, STEPHEN M., trustee Niag. Falls Hy- 
draulic Co., I 70; financial int. in Niag. 
Falls Hydraulic Co., I 72; pres. and dir., 
Niag. Falls Water Power Co., I'75; joint 
issuer prospectus Niag. Falls Canal Co., 
I 77; hydraulic canal proposed by, I 85 

ALLEN, ZACHARIAH, Surveys falls, I 18 

Au.is-Cuatmers Mre. Co. (Milwaukee, Wis.), 
W. M. White of, II 95; 70,000 h-p run- 
ner (illus.), II 135, largest hydraulic 
prime moyer in world (illus.), II 134 

ALTERNATING CURRENT, see “Electric Cur- 
rent” 
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ALTERNATORS 
Niagara: brief descriptions, II 441 
In Power-house No. One: 10 alternators 
by Westinghouse, II 248, 441; prelimi- 
nary plans for submitted by Oerlikon, 
1891, II 106; invitation for design issued 
upon adoption of central power stations 
by Cat. Constr. Co., II 223-224; response 
by foreign companies, II 227; response 
by Am. companies (Gen. Elec. and 
Westinghouse), II 212, 228; Forbes “um- 
brella-type” adopted meanwhile (descrip- 
tion, diagram, and approval, II 229-231, 
Forbes showing design for (illus.), II 
232; Gen. Elec. and Westinghouse in- 
vited to bid for manufacture of Forbes 
design, II 233; Westinghouse for two- 
phase and Gen. Elec. for three-phase, II 
235; two-phase adopted, II 236; fre- 
quency discussed, II 236-238; placing of 
contracts (with Westinghouse), II 237- 
239, 243, 244, 270; Forbes design as de- 
veloped by Schmid and Lamme of West- 
inghouse, II 195-198, Lamme’s descrip- 
tion, II 409-421, installation by Westing- 
house (with diagram), II 72, 203, 204, 
242, 243, 245, 246, 248; patent problem 
and Westinghouse guarantee, II 239- 
243; report to stockholders on installa- 
tion, II 246, 247; installation of Alterna- 
tor Three (illus.), II 202; illus. of parts 
(illus.), IL 200, 240, 244; instrument 
panel for (illus.), II 245; switchboard 
inaugurated with (illus.), II 284; as heat- 
ers, LI 67; Lincoln’s work on first three, 
IT 201 
In Power-house No. Two, by Gen. Elec., 
II 214, 248, 284 
In Canadian Power-house, five by Gen. 
Elec., five by Canadian Westinghouse 
Ltd., II 214, 248, 249 
In Schoellkopf Sta. Two, I 82 
General: of Telsa motor, II 173, 185; Sie- 
mens, supplied current Stanley experi- 
ment, II 187; new variety necessitated 
by Stanley invention, II 188; Dr. Thom- 
son’s work with, II 209; speed limited by 
prime mover, II 257 
Axuminum Co. or America (formerly Pitts- 
burgh Reduction Co.), served by Schoell- 
kopf Sta. Two, I 81; short circuit in 
transformer house of, II 47; first cus- 
tomer Niag. Falls Power Co., II 39, 73, 
116, 307; Emmet in charge machinery 
for, II 214; history and present status 
of, II 308-310; influence of Niag. devel- 
opment on, II 371 
Atverson, H. B., subscriber to capital for 
constr. work of Cat. Power and Con- 
duit Co., I 344 
America, firms from submitting projects to 
Internat. Niag. Com., I 186-188, II 98, 
manufacture turbines cheaper in, II 105; 
see also “United States”; for American 
firms manufacturing electrical appara- 
tus, see “General Electric Company” and 
“Westinghouse Company” 
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American Cryic Assn., represented at hear- 
ing to permit transportation of power 
from Canada to U. S., I 211 

AmeERICAN Enoineers, see “Engineers,” and 
“Engineers, listed” 

American Fatus, see “Niagara Falls” 

American Instirure or Execrrican Encr- 
NEERS, Officers of, who have served at 
Niag., I 287, 288 

AMERICAN Macnestum Corvoration, Ni- 
agara’s basic industries (illus.), II 321 

AMERICAN NuMISMATIC AND ARCHAEOLOGICAL 
Sociery, Niag. seal on exhibit at, II 347 

American Raprator Co., Buffalo industry 
(illus.), II 304 

American Sates Boox Corpn., Niag. basic 
industries (illus.), II 320 

AMERICAN Soc. or Crym Encinerrs, Francis 
speaks on turbines at Montreal meeting, 
II 91 

Awncuor Icr, see “Ice” 

Awnperson, Grorce S., at last conference on 
“Niagara Power” (illus.), II 377 

Awnprt, Korcurin & Crm., manufacturer of 
Jonval turbines, II 89 

ANNIN, JoserH, surveys Mile Strip, bids for 
portage lease, I 58; interest in Porter, 
Barton & Co., I 63 

“ANTHROPOLOGY AND BisrtioGRAPHy or NI- 
AGARA Faris,” Dow’s map from (illus.), 
I 106, 142 

AvpLETON, Wis., first hydro-electric station 
at, II 369 

Arc-1icuts, see “Electric Lighting” 

Arxcuirercts, F. L. Olmsted reminded of dese- 
cration of Niag., 1101; Stanford White de- 
signed houses for Echota, I 829; McKim, 
Mead, and White design Power-house 
No. One, II 66 

Arcurrecture (of Power-house No. One), I 
108, II 65, 344 

ARGENTINE Repvusric, visitors from at Niag., 
II 382; see “Trans-Andine Railway” 

Armature WinprnoGs, on Forbes generators, 
II 196, (illus.), II 230; improved by 
Lamme, II 198; of 5000 h-p generators 
in Power-house No. One (illus.), II 200; 
on Thomson machine, II 209 

Armincton & Sims Enerne Co., consulted in 
elec. development at Niag., I 123 

Armstronc, Lorn, advocate of hydraulics, 
I 185 

Army Encinerrs, see “Engineers” and “En- 
gineers, list of” 

ARROW-HEAD Quarry, historical interest in, 
I 108; on Niag. seal, II 347 

Art Instrrute or Cuicaco, Niag. seal on ex- 
hibit at, II 847 

AsurreLp, Atrrep, trustee Niag. Falls Hy- 
draulice Co., I 70 : 

Astor, Joun Jacos (Fin.), first board dir., 
Cat. Power and Conduit Co., I 343; at 
first official inspection Power-house No. 
One, II 72; among early directors Niag. 
Falls Power Co., II 376 

Avzurn, N. Y., uses direct service from Ni- 
agara, II 303 


4 


~Y 


0 


Avustria-Huncary, Westinghouse’s investi- 
gations in, II 191; visitors at Niag., II 
332; see also “Ganz & Co.” 

“AVANT-PROJET,” see “Internat. Niag. Com., 
projects submitted” 

BavEN, SwITZERLAND, see “Brown, Boveri & 
Co.” 

Bancer, Dantet, trustee Niag. Falls Hydrau- 
lici@onntasO) 

Bacattay, Masor R. E., viewing Forbes de- 
sign of generator, II 232 

Banos, Cuarzes W., subscriber to first constr. 
work Cat. Constr. Co., I 294 

Banes, Francis S., subscriber to first constr. 
work Cat. Constr. Co. I 294 

Barcray, ANTHONY, map by, I 15, 16 

Barnes, Howarp T., definition anchor ice, IT 
145; on ice formation, II 161 

Bartiert, E. E., at last conference on “Ni- 
agara Power” (illus.), II 377 

Barton, Benzamrin, deed issued to, repro- 
duced, I 44; partner Porter, I 42, 63; 
bids for portage lease, I 58 

Barron, Pur P. (Engineer), gen. mgr. Cat. 
Constr. Co., I 283, portrait, I 284, vice- 
pres. and gen. mgr. Niag. Falls Power 
Co. 1918, I 288; on experiment during 
1902 shut-down, II 40, 41 

Barron Srreer (Squaw Island), bore name 
of engineer 

Barayira, N. Y., uses direct service from Ni- 
agara, II 303 

Baru Istanp, early industries on, I 45, 46; 
considered as reservation site, I 104; of- 
fice supt. state reservation on, I 117 

Baumann, Ruporrens (Mech. Eng., Geneva, 
Switz.), supervised making of first three 
Faesch and Piccard turbines, I 283; 
brought turbines to America, II 112 

Berrretp, Rectnarp (of British Westing- 
house Co.), conference re Internat. Niag. 
Com. plans, II 191 

Brterum, visitors from at Niag., II 332, 333 

BeELieGarbE, cable transmission at, I 165 

Brermont & Co., Aucusr, subscriber to first 
constr. work Cat. Constr. Co., I 294 

Brrnirz, engineer for Westinghouse, II 199 

Bertin, Germany, Stillwell’s investigations 
in, influences Westinghouse, II 191; see 
also “Riedler” and “Dobrowolski” 

Berne, SwirzerRLaANd, power transmission to, 
I 165 

Brrrs, Frepertick L. (Patent Lawyer), 
opinion on domestic manufacture and 
patent infringement, II 241 

Brinprz, Nrcworas, dir. Niag. Falls Power Co. 
1918, I 238, 249; portrait, I 257 

BicEetow, Cuartes H., chief engineer at Law- 
rence, Mass., I 74 

Birmincuam, Enoianp, transmission by 
compressed air at, I 184, 

Biron, Francis N., div. eng. on constr. work 
Cat. Constr. Co., I 283 

Bissett, A. D., subscriber to constr. work of 
Cat. Power & Conduit Co., I 344 


\ 


INDEX 


Brxsy, General, calls attention of Niagara 
companies to River and Harbor Act, 
I 217, 218 

Brack Rock, N. Y., survey of Niag. made at, 
I 18; Erie Canal develops water-power 
at, 1 47; early freight depot at, I 63; fac- 
tory site planned near lower harbor, I 
92; cable from Niag. Falls advocated by 
Edison, I 146 

BiackweELt, E. R., survey of falls, I 18, 26 

Buiss, Grorce (New York), appointed to 
make examination of papers of N. R. H. 
ees COn elon 

Boars, at Port Day on opening of canal, I 75; 
for pioneer transportation, I 63 

Borcer, engineer for Westinghouse, II 199 

Bocart, Joun, estimates flow of Niag., I 18; 
map showing recession (illus.), I 24; 
visits in France and Switzerland for 
study of power transmission, I 184; Cat. 
Constr. Co.: consulting eng., I 270, 272, 
sec. advisory board engineers, II 272, 
surveys for, I 160, survey of Echota vil- 
lage, I 329, subscriber to first constr. 


work Cat. Constr. Co., I 294; portrait, IT 


270; approves tunnel constr. plans, II 6 

Botton, Epwarp D., div. eng. on constr. work 
Cat. Constr. Co., I 283 

Boston, Mass., Woodhull associates from, I 
69; Kelvin’s prophecy re transmission 
to, II 168; N. R. H. T. P. & S. Co. sub- 
scription books opened in, I 121 

Boranists, see “Kalm’” 

Bounpary Waters Treaty, see “Treaties” 

BourGanevr, transmission to, I 170, 171 

Bovey, Henry S. (McGill Univ.), comment 
on harnessing of Niagara, II 333 

Bowovorin, Grorct S. (Banker, Drexel, Mor- 
gan & Co.), dir., Cat. Constr. Co., I 236; 
dir., Niag. Falls Power Co., I 237, 242, 
244, 249, II 376; portrait, I 252; receives 
bonds Niag. Falls Power Co. for Cat. 
Constr. Co., I 293; subscriber to first 
work Cat. Constr. Co., I 294; at first in- 
spection Power-house No. One, II 72 

Bowvorn, Tempte, early director Niag. Falls 
Power Co., I 249; portrait, I 258 

Boypen, Urtan A., designer of turbines, 
II 89 

Brackenrince, Wiri1am A., chief eng. Cat. 
Constr. Co., I 283; portrait, I 282; on 
movement of wheel-pit slot walls, II 54 

Braman, Dwicut, subscriber first constr. of 
Cat. Constr. Co., I 294 

Brazit, visitors to Niagara from, II 332 

Brecxenrivce St. (Squaw Island), named 
for engineer, I 93 

Bressant, Faruer, describes Niagara, I 6 

Brivces, from Goat Island to mainland, I 45; 
Suspension: state owns land to, I 142, 
143, tunnel discharge near, I 115, (illus.), 
II 31, power-houses connected by cable 
across, II 336; steel arch Internat. Ry. 
Co. inspected, II 41 

BritisH, see “England” 

Brown, Arexanver Haroreaves (London), 
subscriber to first constr. fund Cat. 
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Constr. Co., I 295; invited to attend meet- 
ing for formation Internat. Niag. Com., 
I 175 

Brown & Suarp Mre. Co. (Providence, R.I.), 
assisted in constructing bus-bars first 
Niag. generators, II 201 

Brown Bros. & Co., subscriber to first constr. 
work of the Cat. Constr. Co., I 294, see 
also “John Crosby Brown” 

Brown, Bovert & Co., invited to submit 
plans for elec. transmission, II 223, 224, 
see also “C. E. L. Brown” and “Lauffen- 
Frankfort transmission” 

Brown, C. E. L. (Baden and Zurich, Switz.), 
elec. dir. Oerlikon Works, I 166; gener- 
ators designed for Oerlikon Works for 
Lauffen-Frankfort transmission, I 171; 
portrait, II 178; single-phase motor by, 
II 175; paper on high tension, II 178, 
179, 429; offered position at Niag., II 180, 
423; advocated alternating current, II 
220; prophecies two-phase current, II 236 

Brown, Joun Crossy (Fin. of Brown Bros. 
& Co.), early dir. of Cat. Constr. Co., I 
249, I1 376; portrait, I 253; receives bonds 
of Niag. Falls Power Co. for Cat. Constr. 
Co., I 293; at first official inspection of 
Power-house No. One, II 72 

Brown’s Horer (London), formation Inter- 
nat. Niag. Com. at, I 174-177; first meet- 
ing Internat. Niag. Com. at, I 182; Room 
104 (illus.), 1177, II 374; plate in Room 
104 commemorating formation Internat. 
Niag. Com., II 376, (illus.), I 178 and 
II 374 

Brose, Erienne, first white man to see falls, 
15 

Brusu, work resulted in high efficiency mo- 
tors, II 369 

Brusu Exvecrric Licur & Power Co., organ- 
ized, I 80; submits hydraulic and trans- 
mission plans to Internat. Niag. Com., 
I 188; absorbed by Buffalo Gen. Elec., 
I 348 

Bryant, Water, associated with Woodhull 
for canal project, I 69; agent and trustee 
Niag. Falls Hydraulic Co., I 70 

Buck, Harorp WintuHrop, pres. A. I. E. E., 
I 288; on eng. staff Gen. Elec., elec. eng. 
Power-house No. Two and first part 
Canadian development, I 285; joins staff 
of Niag. Falls Power Co., II 214; insu- 
lators designed by, II 283, (illus.), II 
281; on importance of Niag. develop- 
ment, II 352; portrait, II 352 

Bupavest, see “Ganz & Co.” 

Burrato, N. Y., Devonian escarpment at, I 
30; center of pioneer commerce, I 63, 64; 
Erie Canal harbor near, I 92; cash prize 
offered for Niag. development, I 94, 335, 
II 236; sewerage plan system, I 97; N. k. 
H. T. P. & S. Co. stock subscription books 
opened in, I 121; loses faith in Evershed 
plan, I 129; market for Niag. power, I 
23, 142, 144, 158, 335, II 8, 257-259, 308, 
306; requests special permit for water 
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diversion, I 220; offered municipal own- 
ership of transmission lines, I 338-340; 
early difficulties in power uses in, I 346; 
dinner to commemorate delivery of Niag. 
power, I 345; charts showing increase in 
population and wealth, I 347, 348; first 
alternating current sta. in America, II 
170, 189; industrial devel., aeroplane 
views of, II 304, 305; Cat. Power & Con- 
duit Co. of, see “Cataract Power & Con- 
duit Co.,’ citizens of, see “Flagler,” 
“Goodyear,” “Groat,” “Pohlman,’ 
“O'Day,” “Urban,” “Huntley”; trans- 
mission to, see “Transmission”; steam 
generating sta., see “Power Stations”; 
terminal houses, see “Terminal Houses” ; 
Pan-American exposition, see “Pan- 
American Exposition” 

Burrato Busrness Mrn’s Assn., formed to 
take care of prize fund for Niag. power 
development, I 95; dissolved, I 96 

Bourrato Genera Execrric Co., Huntley: as 
chairman of, I 334, resolutions naming 
sta. for, I 349, 453-455; abridged his- 
tory from report of Buff., Niag. & East- 
ern Power Corp., I 350, 351; offices in 
“Klectric Bldg.” (illus.) ; consolidations: 
with U. S. Elec. Light & Power Co., I 
348, with Thomson-Houston Elec. Light 
& Power Co., I 348, with Brush Elec. 
Light Co., I 348, with Cat. Power & Con- 
duit Co., I 308, 346-348, apparatus de- 
signed by Gen. Elec. Co., II 248 

Burrato Hisroricat Socrery, Niagara seal 
exhibited by, II 347 

Burrato, Nracara & Eastern Power Corpn., 
Huntley: as chairman of, I 334, station 
named for, I 349, 453, 455; organization 
of, I 349, 350; maps showing high ten- 
sion lines, I 354; summary from report 
of, I 350-356; offices in “Elec. Bldg.” 
(illus.), I 351; combination of power in- 
terests, II 298 

Burrato & Niagara Farrs Execrric Licur & 
Power Co., supplied by Schoellkopf Sta- 
tion No. Two, I 82 

Burraro Ramway Co., first Buffalo customer, 
II 39 

Bourrato, THovusanp Isranps & Porrnanp 
Rarroap, Niag. property stretches across 
tracks of, I 326 

Borearta, visitors from at Niagara, II 332 

Butxtry, Rozserr J., directed output of Ni- 
agara plant during war, I 223 

Butrocx, T. Girzert, rep. of London syn. 
interested in N. R. H. T. P. & S. Co., 1125 

Burrocx Mre. Co., built two three-phase al- 
ternators for Schoellkopf Power Station 
No. Two, I 82 ; 

Bursank, Grorce B., chief eng. of constr. 
Cat. Constr. Co. I 272; resolutions 
passed upon resignation of, I 277; por- 
trait, I 277; subscriber to first constr. 
work Cat. Constr. Co., I 294; orig. con- 
struction Niag. Jct. Ry. by, I 331; in 
charge of tunnel building, II 27, shown 


inspecting wheel-pit constr., II 69; on 
reorganized staff, II 115 

Burven Iron Works, Niag. of Water-wheels 
made by, II 87, (illus.), II 84 

Bouregss, Masor H., letter from Niag. Falls 
Power Co. to, I 222 

Burron Act, preservation of Niag. under, I 
205-216; establishes rigid rule, I 218 

Bourton, THEoporE, chairman com. on rivers 
and harbors, U. S. House of Representa- 
tives, introduces Burton Bill, I 207 

Bus-sars, on early Niag. generators, constr. 
by Westinghouse, II 201 

Byiresspy, H. M., vice-pres. Westinghouse 
Co., in Europe at organization Internat. 
Niag. Com., II 191 

Casiss (telegraphic), Edison re Niag. power, 
I 144; Adams-Stetson re Internat. in- 
vestigation, I 172-174; Adams-Morgan 
re Internat. Niag. Com., I 177; Fleming 
and Turrettini preferring two-phase gen- 
erators, II 235; from Kelvin announcing 
his design for direct-current dynamos for 
Niag., Il 256; Adams-Depew re Niag. 
harnessed, II 342, 343 

Castes (transmission), see “Transmission” 

Caste Conpurrs & Susways, conduits or sub- 
ways, Niag. Falls Power Co. allowed to 
build under berm bank of Erie Canal, I 
337; early transmission through conduit 
and subway (with illustrations), II 45- 
47; conduit bridge designed by McKim, 
Mead and White, II 66; main subway 
for Niag. Falls Power Co., 1918, II 261 

Carcium Carsinr, see “Carbide Industry” 

Carirornta, Westinghouse 30 mile transmis- 
sion in southern part of, see “Westing- 
house Co.” 

Canapa, Domrnrton or, Internat. Boundary 
Line, see “Internat. Boundary Line’; 
crescent of falls within, I 17; falls not 
property of, I 100 

Cananran Farts, see “Niagara Falls” (Great 
Falls ) 

Canaptan Hypro-rrecrric Powrr Commis- 
SION, Operate Ontario Power Co. and 
Electric Development Co., II 81 

Canapran Nracara Powrr Co., Lim., Niag. 
Falls Power Co. acquires, I 211, 240, II 
78, 290-291; incorporated by special act 
of Prov. of Ontario, I 228-230; Buck in 
charge of elec. work for, II 214; power- 
plant of, see “Power Stations” 

Canapian Park, see “Queen Victoria Ni- 
agara Falls Park” 

Canapian Vicrory Loan Bonps, used in ex- 
change of capital between Niag. Falls 
Power Co. and Niag. Falls Power Co., 
1918, I 313 

Canavian Visrrors, at dedication ceremony 
state park, I 106; at Niagara, II 332 

Canapran Wesz1ncuouse Co., Lap. designs 
and builds five machines in Power-house 
No. Two, II 249 

CANALS 

“The Hydraulic”: proposed route shown on 
Emslie map (illus.), I 46, II 92; Por- 


INDEX 


ter originates plans for, I 50, 69, 137; 
land donated by Porter family for, I 57, 
63; Chapter IV, The Hydraulic Canal: 
Woodhull project 1852-53, I 69-74, Day 
project 1856, I 75, Day project of 1860, 
I 75-76, Schoellkopf purchases property, 
I 76, described in circular of Niag. Falls 
Canal Co., I 77, improved and enlarged 
under Schoellkopfs, I 78-84, successive 
ownerships, I 85, first utilization of 
water over high bank (1857), (illus.), I 
70, Gaskill Flouring Mill of 1875, I 76, 
77, (illus.), I 71, utilization of water 
over high bank (1893), I 80, (illus.), I 
72, II 98, modern use of water by Schoell- 
kopf plant 1926 (illus.), I 73; slow prog- 
ress in building, I 89; similarity of Fan- 
ning project to, I 93; devel. influenced 
Niag. village, I 102; Evershed tunnel to 
strike river north of, I 115; Niag. Falls 
Power Co. to build tunnel under, I 132; 
constr. and early uses, legal right to, I 
201-202; shown on map of consolidated 
waterways (illus.), Il 59; early mill 
wheels for use with, II 95 

Inlet (Evershed-Niag. Falls Power Co. De- 
velopment), see also “Hvershed Plan’: 
right-of-way acquired by 1890, I 160; 
discussed by engs. of 1890, I 275; secured 
by syndicate subscription of Jan., 1890, I 
294; constr. in anticipation of demand 
for power, I 303; map showing location 
of Power-house One and Two (illus.), 
I 304, II 19; time required to build, II 
27; description, II 37, 38; men and ma- 
terial used in building, II 55; shown on 
map of consolidated waterways (illus.), 
II 59; location of power-houses on 
(illus.), II 64; first. planned for use of 
elec. and compressed air, II 105; first use 
by Internat. Paper Co. and Niag. Falls 
Water Works Co., II 116 

Barge and ship, planned to help trans- 
portation, I 89-92 

Eris, see “Hrie Canal” 

Loop, early power derived from, I 21, 41, 
45, 46, II 94; shown on Emslie’s map, 
see “Maps” 

Surface, see also “Canal, the hydraulic,” 
and “Canals, loop,” pioneer efforts at ex- 
pensive, I 24; proposed in 1893 to take 
water from Niag. River, I 96; scheme of 
Alexander Holley for, I 115 

Carin & Swattow, works on upper raceway, 
1 46 

Cavirat & Carrrat Srocx (for Niag. Devel- 
opment), first efforts to secure, I 47, 48; 
ot Niag. Falls Hydraulic Co., 171, 74, cer- 
tificate (illus.),168; of Niag. Falls Water 
Power Co., I 75; for hydraulic canal be- 
tween 1853-1876, I 76; of Niag. Canal 
Co., 1823, I 92; of Niag. Hydraulic Elec. 
Co., 1 95; of Niag. River Hydraulic Tun- 
nel, Power & Sewer Co., I 120, 121, 126, 
128, 180, 131, II 5; of Cat. Constr. Co. 
and Niag. Falls Power Co., I 159, 160, 
163, 289-315; first certificate, Niag. Falls 


Power Co. 1918 bears MacMonnies seal, 
(illus.), I 310, 315; Buffalo Gen. Elec. 
purchases Niag. Falls Power Co. stock, 
I 346, 347; Buffalo, Niag. & Eastern 
Power Organization, I 350 

Carpwe Inpusrry, Carbide Co. users of Niag. 
Power on Scott’s diagram, II 251; his- 
tory of, II 307, 318, 319; influence of 
Niag. on development of, II 371 

CarBorunpum Co., Emmet in charge machin- 
ery for, II 214; user of Niag. power on 
Scott’s diagram, II 251; Frank J. Tone, 
pres. of, on elec. devel., II 307; history 
of, II 311-313; furnace (illus.), II 311; 
basic industries at Niag., II 321; influ- 
ence of Niag. on development of, II 371 

Carneciz, AnpreEw, tribute to Niagara (fac- 
simile), II 336 

Carter, James C., on scenic beauty of Niag., 
I 102-103 

CarTIeErR, J AcQUES, first mention Great Lakes, 
and portrait, 15 

Cary, CLarence, subscriber to first constr. 
work Cat. Constr. Co., I 294 

Cary, EuGene, subscriber to first constr. work 
Cat. Constr. Co., I 294 

Casset, Ernest (London), subscriber to first 
constr. fund Cat. Constr. Co., I 295 

Cararact Construction Co., agreement with 
Niag. Falls Power Co. for development 
of power, I 159-160; relations with Niag. 
Falls Power Co., 1889-1900, organiza- 
tion, operation, liquidation, dissolution, 
I 233-246; pictures of early dir. and offi- 
cers, I 248-266; lists of dirs. and officers, 
I 236, 238, 244; eng. organization 1890- 
1900, I 267-288; finances, 1890-1900, I 
289-315; board of directors at first offi- 
cial inspection Power-house One (illus.), 
II 72; relation of formation date to other 
developments in alternating current his- 
tory, II 189, 308; used Niag. seal, II 345; 
for mech, devel. under, see “Alternators,” 
“Turbines,” “Canals,” “Tunnels,” etc., 
for engineers, see “Engineers”; for 
devel. of central power stations by, see 
“Central Power Stations’; promotion of 
Evershed scheme, see “Evershed Plan’ ; 
circulars of, see “Circulars”; Internat. 
Niag. Com. formed by, see “Internat. 
Niag. Com.”; pres. of, see “Edward 
Dean Adams”; Sellers, chief engineer, 
see “Sellers” 

Cararacr GENERAL Execrric Co., organized 
for transmission, I 240 

Cararact Horet, early hostelry at Niag., I 48 

Cararact Power & Conpurr Co., terminal sta. 
to receive power from Canada, I 307; 
stocks sold by Niag. Falls Power Co. to 
Buffalo Gen. Elec. Co., I 308; organiza- 
tion and history, I 340-344; dinner to 
celebrate delivery of power to Buffalo, I 
345; extension of lines, I 346; consolida- 
tion with Buffalo Gen. Elec. 1915, I 346— 
348; Buck in charge of electric work for, 

_II 214; all apparatus designed by Gen. 

Elec. Co., II 248; used Niag. seal, II 345 
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Catiin, GrorGe, map by mentioned, 1831, I 45 

CenTEenNIAL Exuisirion (Philadelphia 1876), 
“wanted to see wheels go round” at, II 
65; people of U. S. discovered bread at, 
II 193 

Centrat Murine Co., illus. showing plant 
1893, I 72, II 98; formation of, I 80 

CentraL Power Srarions (to supersede mill 
over wheel-pit at Niag.), see Chapter IX, 
Evolution of the Central Power Station 
Plan, I 161-178; also pages I 144, 278, 
II 6-8, 85, 222, 255, 260; early lighting 
from by direct current, II 173, 369; 
chart showing electrical energy produced 
by in U. S., II 465, see also “Power Sta- 
tions” 

CrrTAINTEED Propucrs Corporation, basic in- 
dustries at Niagara, II 820 

Crrtiricates oF Stock, see “Capital and Capi- 
tal Stock” 

CryiLon, visitors from at Niagara, II 332 

CHAMBERLAIN, J. F., subscriber to first constr. 
work Cat. Constr. Co., I 294 

CHAMPLAIN, SAMUEL DE, earliest reference to 
Niag., 1 5; portrait, I 5; maps of Niag. 
Falls, I 13 

Cuaney, Tuomas P., subscriber to first con- 
struction work Cat. Constr. Co., I 294 

Cuarminer (France), hydro-electric power 
transmission system studied, I 166 

Cuarts, see “Maps” 

CuatHam (England), eng. experiments at, 
I 169 

Cuemicat Propucts & MAaNnuractrure, see 
“Electrochemical and Metallurgical 
Products” 

Curssroven, A. M., joint issuer prospectus 
of Niag. Falls Canal Co., I 77 

Curvrant Paver Mir, power-plant designed 
by Hillairet for, I 166 

Curcaco (Ill.), World’s Fair, see “World’s 
Fair” ; possible drainage of Great Lakes 
into Miss. by way of, I 30; Niag. River 
Hydraulic Tunnel, Power & Sewer Co. 
endeavors to obtain subscriptions at, 121 

Cuzz, trans-Andine Railway, see “rans- 
Andine Railway” ; 

Cun, official visitors from, II 332, 333; sig- 
natures of visitors, II 330, 332, 338 

Currrewa (Grass Island Pool), effected by 
elevation of Lake Erie, I 19 

CuxorineE, manufactured at Niag., II 322-323 

Cuurcn, Frepericx E., first mention dese- 
cration Niag., I 101 

Cuurcn, Janez (Engl. Eng.), quoted in N. R. 
H. T. P. & S. Co. prospectus, I 126; ap- 
proved Evershed plans not providing for 
tunnel, lining, II 22 

Cre pe wInpusrrie Execrrieur (Geneva, 
Switz.), invited to submit plans for elec- 
trical transmission, II 223 

Cirecutars, Porter to capitalists and manu- 
facturers, I 66, 137, 373-377, II 141; of 
Niag. Falls Hydraulic Co. (1853), I 70, 
74, 188, II 142; of Niag. Falls Canal Co., 
I 77, 378, 379; of “Model City” (1893), I 
96; of Niag. River Hydraulic Tunnel 


474, 


Power & Sewer Co., I 121-123, 126, II 
142; Cat. Constr. Co., I 299-303, 327, 383— 
386, II 246, 247; Niag. Falls Power Co., 
I 303-309, 387-392; Swiss trade circu- 
lars, I 165 

CueEsney, Cummrincs C., Edison medalist, II 
373 

Crarx, Crarzes F. (Pres. Bradstreet Co.), 
dir. Cat. Constr. Co., I 236, 244; dir. 
Niag. Falls Power Co., I 237, 242, II 376; 
listed as pioneer dir., I 249; portrait, I 
253; subscriber to first work Cat. Constr. 
Co., I 294 

Crarke, Dr. Joun M. (N. Y. State Geolo- 
gist), present at hearing to permit inter- 
national transmission, I 211 

Crerxk, Sir Ducarp, on “Water Power in the 
British Empire,” I 268, II 446-448 

Crirr Execrricat Disrrisutine Co., see also 
“Hydraulic Power Company of Niagara 
Falls,” listed as owner canal, I 85; for- 
mation and consolidation, I 204 

Curr Paver Co., see also “Quigley’s Mill,” 
first use of water, 75 feet, (illus.), I 72, 
II 98; second use of water, 125 feet 
(illus.), I 72, II 98, used water 120 feet 
hydraulic head in 1882, I 79 

Crorrr, W. Broprrtcx (London), attended 
meeting for formation Internat. Niag. 
Com., I 175; subscriber to first constr. 
work Cat. Constr. Co., I 295 

Crowry, Cor. Roserr C., gen. supt., Western 
Union, viewing Forbes plan, II 232 

Cocxcrarr, Witi1aM, trustee Niag. Falls Hy- 
draulic Co., I 70 

Corrin, Cuarzes A., founder and pres. Gen. 
Elec. Co., selects men to give attention 
to Niag. alternators, II 210-212; por- 
trait, IT 211 

Conn, Morais Jr., represents Internat. Ry. 
Co. at hearing to permit internat. trans- 
mission, I 211 

CotrumBian Exursrrron 1893, see “World’s 
Fair, Chicago” 

Commerce, first on upper lakes, I 6; in pio- 
neer times, I 63-64; prompted plans for 
barge canal, I 89 

Commissioners, see “New York State, Com- 
missioners of Appraisement and Com- 
missioners Land Office,’ “New York 
State Reservation,’ “Queen Victoria 
Niagara Falls Park,” “International 
Waterways Commission” 

Commutartors, absence from Tesla machines, 
II 173 

Compressep Arr, see “Transmission” 

Conputits, see “Cables” 

Coneress, U. S., see “U.S. Congress” 

Continuous Current, see “Electrical Cur- 
rent, Direct” 

Conrrot Swircues, see “Switches and Switch- 
ing Devices” 

Converters, see “Rotary Converters’ and 
“Transformers” 

Coox, Bars, commis. Niag. Canal Co., I 91 

Cook, Ira, built works on upper raceway, I 46 
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Cornett University, Lincoln on faculty of, 
I 287, II 202 

Corrissoz, Royat (Art Critic), quoted on Ni- 
agara harnessed, II 164 

Coster, C. H., subscriber to first constr. work 
Cat. Constr. Co., I 294 

Cravatu, Paut D., represents Niag., Lock- 
port & Ontario Power Co. at hearing to 
permit transmission of power from Can- 
ada to U.S., I 210 

Craven, MacDonovueu, div. constr. eng., I 283 

Creiz (France), transmission to Paris from, 
I 169-170 

Creuse (France), transmission to by Deprez, 
1170 

Crocker, work resulted in high efficiency 
motors, II 369 

Crossy, O. T., looked after designs for Niag. 
alternators for Thomson-Houston, II 212 

Croton Aauepuctr, Albert H. Porter’s work 
on, I 271 

CrowELL, GeNERAL BENEDICT, approves con- 
solidation plans Niag. Falls Power Co. 
1918, I 223 

Cosa, visitors from, at Niagara, If 332 

Curnop, Saurrer & Co. (Geneva, Switz.), 
wins highest award for hy. development 
and electrical distribution, I 187 

Curtis, work resulted in high efficiency mo- 
tors, II 369 

Courriss, Cuas. G., subscriber to first constr. 
work Cat. Constr. Co., I 295 

Danw & Rostnson, subscriber to capital for 
constr. work of Cat. Power & Conduit 
Co., I 344 

Davis, H. P., designers of auxiliary appa- 
ratus for Westinghouse Co., II 198 

Day, Horace, see also “Niag. Falls Water 
Power Oo.’; vice-pres., treas., and dir. 
Niag. Falls Water Power Co., I 175; 
initials on first stock certificates issued 
by Niag. Falls Power Co., I 315 

Day Co., see “Niag. Falls Water Power Co.” 

Deacon, Georce F’., hydraulic eng. of Liver- 
pool, consulted by Herschel on tunnel, 
I 185, Il 6 

Devicatron, of state park, I 106; of Niag. 
power, I 158, see also Introduction, vii 

Derps, see “Land Titles,” “Riparian Rights” 

Der Grarr, Lr Granp, elected dir. Niag. Falls 
Power Co. 1918, I 238, listed, I 249; por- 
trait, I 257 

Detano, Exizaseru S., subscriber to first 
constr. work Cat. Constr. Co., I 295 

Deano, Francis R., treas. Niag. River Hy- 
draulic Tunnel, Power & Sewer Co., I 
120; portrait, I 122; trustee Niag. Falls 
Power Co., I 135 

Drerew, Cuauncry M., subscriber to first 
constr. work Cat. Constr. Co., I 295, fac- 
simile world message to Adams on Niag. 
harnessed, II 342, 3438. 

Deptrorp, ENGLAND, elec. sta. for transmis- 
sion by cable at, I 185, II 220 

Deprez, Marcet, work in direct current 
transmission, I 166-171; explaining his 
system of elec. transm’n (illus.), I 168 
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“Des Savuvaces,” reference to Niagara in, I 5 

Dicxrr, Cuartes D., elected dir. Niag. Falls 
Power Co. 1918, I 238; listed, I 249; por- 
trait, I 259 

Direct Current, see “Electric Current” 

DiscHarGE TUNNELS, see “Tunnels” 

Dopp, Henry W., subscriber to first constr. 
work Cat. Constr. Co., I 295 

DogrowotskI, Dorivo (Berlin), advocated al- 
ternating current, II 220 ; 

DomeEngE, Iserr, Hillairet installations studied 
at, I 166 

Dominion oF Canapba, see “Canada” and 
Canadian 

Donner Street Co., basic industry at Buffalo 
(illus.), II 304 

Doverass, A. C., Niag. Jct. R. R. receives all 
freight consigned to, I 331; mining eng. 
(illus.), II 43-44 

Dow, Cartes Mason, quoted on industrial 
Niag., I 100; map from “Anthropology 
and Bibliography of Niagara Falls,” I 
106, 142 

Drart, work resulted in high efficiency mo- 
tors, II 369 

Drarr Tunes, see “Turbines” 

Drexer, Morcan & Co., see “George S. Bow- 
doin,’ representative of 

Duprey, Franx A., portrait, I 122 

Durrertin, Lorp, Gov.-Gen. Canada, calls at- 
tention to need for internat. park, I 102 

Dunuap, W. K., eng. for Westinghouse, II 199 

Duntop Trre & Russer Co., basic industry 
at Buffalo (illus.), II 304 

Du Ponv Fipersitx Co., basic industries at 
Niagara, IT 305 

“Duration oF Nracara Faris” (by Spencer) 
quoted, I 30 

Durx, Henry, portrait, I 122; trustee Niag. 
Falls Power Co., I 135 

Duties, on power from Canada, I 230; elec. 
current transmitted across border line 
free of, II 401 

Dynamos, see “Alternators,” and “Genera- 
tors”; coupled in series advised by Row- 
land, I 154; Grand Prix for, won by 
Oerlikon, I 166; used by Oerlikon 1890, 
Il 177; Gramme: Forbes engaged in con- 
struction, II 225, effect on elec. devel., II 
369; designed for use of dir. cur. at Niag. 
by Kelvin, II 256; single Edison in hydro- 
elec. sta. at Appleton, Wis., II 369 

Eacie Horer, early hostelry at Niag., I 48 

Eaton, Mary E., sketches of flora at Niag., 
I 107 

Ecuora (N. Y. Cent. Sta.), land acquired 
for, I 160; plan and devel. of, I 328-330; 
picture of street in, I 329 (illus.) 

Ecuora Sun-starion, christened John Lyell 
Harper Sta., II 137, transmission line 
from, to Terminal Sta. C, II 293 

Epison, Tuomas A., early investigations of 
Niag. Power in 1886, I 124, 269; advo- 
cates direct current at Niag., I 144-147, 
II 209; acknowledges supremacy of alt. - 
cur., II 214, 215; Tyndall on penetration 
of, II 216; quoted on Niag. possibilities, 
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II 216; led opposition to alt. current in 
U. S., II 220; work resulted in high 
efficiency motors, II 369; portraits, I 145, 
II 208 

Epison Execrric Innuminattnc Co. or N. Y., 
Sprague’s report to, I 151; Adams re- 
signs directorship in, I 164 

Epison Generat Execrric Co., see “General 
Electric Co.” 

Enison Mepatisrs, seven recipients connected 
with Niag. enterprize, II 373 

Epwarps, Ocprn, owner of Squaw Island 
1832, I 92 ; 

Ecsert, Cuarzes C., consulting eng. Cat. 
Constr. Co., I 282; portrait, I 287; on 
staff Niag. Falls Power Co. at consolida- 
tion, I 288; suggests replacement of tur- 
bines in Power-house No. One, II 124; 
suggestions carried out, II 124-125 

Eeyrr, visitors from, at Niag., II 332 

Execrric Bumping (Buffalo), illus., I 351 

Exvecrric Current 


Alternating: adopted at Niag., Introduc- 


tion x, II 74, 233-235; results of adop- 
tion, II 255-264, 369; devel. of apparatus 
by Westinghouse, II 187-205; espoused 
by Elihu Thomson, II 209; Edison Gen. 
Elec. Co. becomes interested in, II 212, 
213, 234; superiority acknowledged by 
Kelvin, Westinghouse, and Edison, II 
215; controversy on two or three-phase, 
II 228, 235-236; periodicity or cycles per 
second, IJ 236-288; for Buffalo transm’n, 
I 344, II 269, 270; transmission lines to 
Buffalo prove efficiency of polyphase 
development, II 299; Sprague report to 
Edison Elec. Illum. Co. of N. NEAL NGALS 
probable solution of distrib’n problem 
1890, I 164; used at Frankfort, I 166; 
Mengarini’s work on, I 186; plants in 
operation in 1893, II 181, 182 

Direct: General Elec. Co. as advocates of, 
II 210; advocated by Edison, I 144-147, 
by Edison, Thomson and Kelvin, II 209; 
in Power Station Three-A, I 82; trans- 
mission at Oyonnax by, I 165; used for 
trans-Andine tunnel drilling, I 166, II 
177; used by Deprez, I 166-170; sup- 
plied by first turbine using full hydraulic 
head, If 97; for are and incandescent 
lights, II 168-170; for street railways, II 
171; converter supplying street railways 
with (illus.), II 170 

Alternating vs. Direct Controversy, see 
also “Alternating” and “Direct” refer- 
ences above; relative merits of, I 171, 
II 169-182, 233-235, 256-257; ratio of 
direct and indirect at time of building of 
Schoellkopf Station Two, I 82; Rowland 
discusses, I 152-155; effects on city of 
Buffalo, I 338-340 

Execrric Dryrrorment Co. or Onvrarto, Lrp., 

allowed to transmit power from Canada, 
I 211; Cataract Power & Conduit Co. 
obtains power from, I 346; furnished 
elec. during shut-down of Power-house 
No. One, II 42; power-plant of, II 81 


Exectric Discuarces, from induction coil and 
Leyden jar (illus.), II 264; positive dis- 
charge from induction coil (illus.), II 215 

Exec. Exursrrion 1x Puinaperpuia (1884), 
Forbes dynamo exhibited at, II 225 

Execrric Furnaces, defined, II 219; in elec- 
trothermic processes, II 308; for alum- 
inum, II 309; for carborundum, II 307 
(illus. and description) II 311; arc-light 
used for aloxite (illus.), II 312; in mfg. 
of ferro-alloys, II 313; for steel melting 
(illus.), II 316, description, II 317; for 
silicon, II 317; for calcium carbide, II 
318-319; for graphite, II 319, 322 

Exrecrric GENERATING Stations, see “Power 
Stations” 

Execrric Hearing, in Power-house No. One, 
II 67 

Execrric Licurrne, description of first arc- 
lighting machine at Niag., I 80, II 97; 
alternating current popular at first only 
for incandescent lighting, I 145, II 262; 
planned for Tonawanda, I 147; Sprague’s 
report to Edison Elec. Illum. Co. on 
light supplied by alt. current, I 151; at 
Berne, Switz., I 165; at Frankfort Ex- 
hibition, I 166, see also “Lauffen-Frank- 
fort Transmission”; at Grosvenor Gal- 
lery, London, I 185; are-lighting by direct 
current, II 168, 169; incandescent light- 
ing by direct and alternating current, 
II 169-170; list of central stations for, 
in U.S., 1890, II 173-174; ineand. lamps, 
transformers by Stanley for, II 187; 
Westinghouse tests on incandescent 
lamps run by alternating current, II 194; 
status of lighting art in 90’s background 
for Niag. problem, II 219; high frequen- 
cies suitable for elec. lamps and arc 
lamps, II 236; motors drive arc-light 
machines Tonawanda sub-sta. (illus.), II 
289; Niag. Falls Power Co. takes over 
electrification of Buffalo streets, II 292; 
early direct service for electric lighting 
still in use, II 256; N. Y. City system 
took example from Niag. in adoption of 
alternating current, II 260; in early days 
are and incandescent lights supplied by 
small local plants, II 262; 28 cities and 
villages and 61 lighting districts lighted 
by Lockport & Ontario Power Co., II 
306; incandescent lamps operated by 
first hydro-elec. station at Appleton, 
Wis., II 369 

Exxcrric Rarroans, Niag. Gorge, operated 
from Schoellkopf Sta., I 82; Youngstown 
and Lewiston, connected with Niagara 
Gorge Road, I 82 

Exvecrric. Srreer Rarways, designed by 
Sprague, I 150; at Tonawanda and Buf- 
falo (Field’s report), I 146; at Niagara 
Falls village by direct current, II 97; 
method of transmission for, II lerats, ars} 
174; converters for (illus.), II 170; of 
Buffalo first users of Niag, power, I 
345, II 278; direct current desirable for 
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operation of, II 256; elevated and sub- 
ways of N. Y. City adopt alternating 
current, II 260; in early days supplied 
by small local plants, II 262; 17 towns 
served by Niag. through Lockport & 
Ontario Power Co., II 306 ; 


Execrrican Transmission, see “Transmis- 


sion” 


“ExectricaL Wort,” list of central stations 


for elec. light and power in U. S. in 
1890 from, II 173-174 


Execrricity, see “Electric Current” 
Execrriciry anp Frum Exporratrion Act, 


passed by Dominion 1907, I 229 


Execrro Breacurine Gas Co., basic industries 


at Niagara (illus.), II 321 


ELECTROCHEMICAL AND METALLURGICAL Prop- 


ucts AND INDUSTRIES 
See Chapter XXVI: direct service by, II 
303, 306, 307, indirect service from, II 


307-808, electrothermic and electrolytic - 


processes defined, II 307, 308, aluminum, 
II 308-310, abrasives, II 311-313, ferro- 
alloys, II 313-315, seamless iron tubing, 
II 315-317, high-grade steel prods., II 
317, magnesium, II 318, carbide, II 318, 
graphite, II 319, Niagara’s basic indus- 
tries (illus.), II 320-321, Buffalo’s basic 
industires (illus.), II 304-305, chlorine, 
II 322-323, mise. products, II 323, charts 
showing distribution, II 302, 325 
Niagara influence on devel. of, I 109, II 
324, 325, 370, 871; needs foreshadowed 
in 1902, II 75; continuity essential to, II 
141; direct current essential to some 
forms of, II 256; use of Niagara power 
in, shown on Scott’s map, II 258, 259 
(illus.), II 251; products essential to 
industries everywhere, II 260 


Eecrrotytic Processes, see “Electrochemical 


and Metallurgical Products and Indus- 
tries” and the “National Electrolytic Co.” 
“Electro- 
chemical and Metallurgical Products 
and Industries” 


Exy, Wiri1am Caryt, incorporator N. R. H. 


Debs Co. Lely ssattormeys N, ku. bl. 
T. P. & S. Co., and subscriber to capital 
stock, I 120; portrait, I 122; consulta- 
tion with Stetson, I 124; report to stock- 
holders of N. R. H. T. P. & S. Co., 1180; 
pushes bill through 1889 Senate, I 131; 
pro rata in distribution of purchase 
priceiof N. Rit.) Lo Po & S. Con © 1363 
trustee Niag. Falls Power Co., I 135; 
initials on first stock certificate of Niag. 
Falls Power Co. 1918, I 315 


Emmet, Witrt1am LeRoy (Elec. Eng.), placed 


in charge of elec. work at Niag. for Gen. 
Elec., II 213; portrait, II 213; in- 
vited to join Niag. staff, II 214; im- 
provements suggested by, adopted at 
Niag., II 249; on orig. installation at 
Niag., II 263; Edison medalist, II 373 


Empire Gas & Exec. Co., operated in Geneva, 


Auburn, Seneca, Lyons, and adjoining 
territory, II 306 


ATT 


Emstiz, P., map of Niag. Falls and village 


1846, I 69, II 94, (illus.): I 46, 232, II 96 
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Chapter XIII: of Niag. Falls Power Co. 
1900-1918, of Cat. Constr. Co. 1890-1900, 
I 267-288; interest in Niag. waters, I 
108; Cat. Constr. Co., reorganization 
staff 1892-1893, II 113, 115; opinions of 
Engl. and Amer. engs. in prospectus of 
N.R.H.T.P.&S. Co., I 126; ingenieurs- 
constructeurs of France and Switz., opin- 
ions on Niag. devel., I 159, 164-171; visi- 
ted Niag. on way to World’s Fair, Chi- 
cago, II 260; civil, mining, hydraulic and 
mechanical, each contributed to effect at 
Niag., II 261; most numerous visitors at 
Niag., II 332; experience at Niag. proves 
valuable in other positions, II 373; en- 
gineering expenses in Europe, II 431- 
435; surveys by, see “Surveys’’; list of, 
see below 


Ewncrneers, List or, see individual names for 


page references: Abernethy,S.N., (Engl. 
civil) ; Allen, Stephen M.; Allen, Zacha- 
riah; Armstrong, Lord; Barton, Philip 
P.; Baumann, Rudolphe (Swiss mech.) ; 
Benitz(elec.) ; Bigelow, Chas. H.; Biron, 
Francis N.; Gen. Bixby (U. S. Army); 
Boegel (elec.); Bolton, Edward D.; 
Blackwell, E. R.; Bogart, John; Brack- 
enridge, W. A.; Brown, Charles E. L.; 
Burbank, George B.; Church, Jabez 
(Engl.); Clerk, Sir Dugald (Engl.) ; 
Craven, MacDonough; Crosby, O. T.; 
Davis, H. P. (elec.) ; Deacon, George F. 
(Engl. hy.); Deprez, Marcel (French 
elec.) ; Douglass, Anthony C. (mining) ; 
Dunlap, W. K. (elec.) ; Edison, Thomas 
(elec.); Egbert, Charles C. (mech.) ; 
Emmet, William Le Roy (elec.) ; Ever- 
shed, Thomas (civil); Fanning, J. T. 
(mech.); Fearn (min.); Ferranti, S. Z. 
de (elec.) ; Flagler, Gen. Daniel W. (U. 
S. Army); Fleming, Dr. J. A. (elec.) ; 
Forbes, Prof. George (elec.); Foster, 
Horatio A. (mech.); Francis, Jas. B. 
(mech.); Friedlander (elec.); Geyelin, 
E. C. (mech.); Green, Lieut. S. Dana 
(elec.); Harper, John L. (elec.) ; Hers- 
chel, Clemens (mech.); Hillairet, A. 
(French hy.) ; Holley, Alexander (hy.) ; 
Humbert, Wm. S. (mech.) ; Imlay, Lorin 
E. (mech.) ; Johnson, Wallace (mech.) ; 
Katte, Col. Walter (civil) ; Keller, Maj. 
Charles (U. S. Army); Kemp, Prof. 
Jas. Furman (geol.); Kennelly, Arthur 
E. (elec.); Kuichling (min.) ; Col. Kutz, 
Chas. W. (U. S. Army); Lamme, Benj. 
G. (elec.) ; Lange, Phillip (elec.) ; Law- 
ton, C. F.; Lincoln, Paul M. (elec.); 
Lovejoy, J. R.; Lupton, Prof. (mech.) ; 
Masson, Raymond S. (elec.); May, De 
Courcy (mech.) ; Morton, Henry (physi- 
cist); Means, E. C. (elec.); Mould 
(elec.); Olcott (min.); Parks (elec.) ; 
Pierson, Albert W.; Peele (min.) ; Pot- 
ter, Henry Noel (elec.); Potter, W. B.; 
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Porter, Albert H. (civil); Rice, Edwin 
W. Jr.; Riche, Col. C.S. (U. S. Army) ; 
Riedler, Prof. A.; Rohrer, A. L.; Row- 
land, H. A. (physicist) ; Schmid, Albert 
(mech.) ; Scott, Charles F. (elec.); Sel- 
lers, Dr. Coleman (mech.); Shallenber- 
ger, Oliver B. (elec.) ; Shenehon, Francis 
C. (U. S. Army); Siemens, Sir Wil- 
liam; Sigfried (elec.) ; Simpson, George 
Frederick (expert in stereotomy) ; Skin- 
ner, C. E.; Sprague, Frank Julian; Stan- 
ley, Wm.; Steinmetz, C. P.; Stillwell, 
Lewis B. (elec.) ; Storer, Simon Brewster 
(elec.) ; Strauss (elec.) ; Sturgeon, John 
(mech.); Sweet, Elnathan; Thomson, 
Sir William (Lord Kelvin); Thomson, 


Dr. Elihu; Turrettini, Col. Theodore 
(mech.); Unwin, William Cawthorne 
(mech.); Van Cleve, A. H. (mech.); 


Very, Edward D. (mech.); Vogel, H. 
(Swiss mech.); Westinghouse, George 
(mech.); White, Wm. Monroe; White- 
head, J. B. (elec.) ; Wright, L. M. (hy.) ; 
Wurts, Alexander (elec.) 

Encianp, agreement with U. S. re Internat. 
Boundary Line, I 16; title to Niag., I 17, 
18; treaty with concerning control of 
boundary waters, I 211; treaty fixing 
limits of diversion, I 215; effect of treaty 
with, I 218-219; N. R. H. T. P. & S. Co. 
endeavors to obtain subscriptions in 
London, I 121; negotiations of N. R. H. 
T. P. & S. Co. with London syndicate, I 
125-128; two rep. on Internat. Niag. 
Com., I 181; Engl. firms invited to sub- 
mit engineering projects to Cat. Constr. 
Co., I 182, 183; study of transmission 
projects in, I 172, 184, 185; II 8, 221; 
wins prizes in Internat. Niag. Com. con- 
test, I 187; Catrine, Ayshire, had largest 
breast wheel, II 86; investigations by 
Westinghouse in, II 191; visitors from 
at Niag., II 332; Engl. engineers, see 
“Engineers” and “Engineers, list of’; 
see “Water-power in British Empire” 

Erte Canat, diverted trade from Niag., I 47, 
64, 92; Squaw Island at entrance of, I 63; 
diversions of water by Lockport Hy- 
draulic Co. to be made through, I 211; 
Evershed diy. eng. of, I 115; right of 
power transm’n over, under and across 
required special charter, I 238; Niagara 
Falls Power Co. allowed to construct 
conduit for cables under berm bank of, 
I 337; work on causes suspension of ser- 
vice, II 275, 286 

Eri, Fort, see “Fort Erie” 

Erte, Laxr, see “Great Lakes” 

Erre Rarroap, influence on location of in- 
dustrial center at Niag., I 160;  trans- 
mission line extends along, II 291 

Escuer, Wyss & Co. (Zurich, Switz.), first 
prize for hy. devel., I 188; II 99, 103; 
see also “Governors,” “Turbines” and 
“Naville” 

Evuter, made first parallel turbine, II 87 
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Evropr, see also “Switzerland, “France,” 
Italy,” “England” ; investigations of In- 
ternat. Niag. Com., see “International 
Niagara Commission”; European tur- 
bines and their designers, Euler, Four- 
neyron, Jonval, and Francis, II 87, 89; 
investigations on part of Westinghouse 
in, II 191; engineering expenses in, II 
431-435 

EversuHep Prawn 

Chapter VII: the beginning of enterprise 
which developed into Niag. Falls Power 
Company, I 113-137 

Chapter VIII: the Evershed Tunnel Proj- 
ect, Investigation and Modification: I 139 
—160 

Chapter IX: Evolution of the Central 
Power Station Plan: I 161-178 

Favored by Porter, I 96; similarity of 
Fanning project to, I 93; studied by 
Sellers, I 270; pre-constr. devel., II 5, 6; 
modification during constr., II 6-9; dia- 
grams showing modifications, I 114, II 
10-18; effect of abandonment of, II 85; 
modifications influence Internat. Niag. 
Com., II 221; shown on tunnel diagram, 
II 60 

Evyersuep, Tuomas, see also “Evershed Plan’ ; 
letter to “Lockport Union” 1886, I 115; 
incorporator of N. R. H. T. P. & S. Co., 
WWE PESS Oayee Che ING 1th, Jal AN, 12, Ce S. 
Co., I 120; portrait of, I 122; quoted in 
eng. prospectus, I 126; report from, 
presented by Gaskill 1888, I 130; pro 
rata in distribution of purchase price 
of N. R. H. T. P. & S. Co., 1 185; Wickes, 
Stetson and Rankine to devel. plans with 
advice of, I 141; init’ls on first stock cer- 
tificate issued by Niag. Falls Power Co. 
1918, I 315; on tunnel lining quoted, II 21 

Excrrers, on Niagara generators constr. by 
Westinghouse Co., II 201 

Exprorers, see “Bressani,’ “Brule,” “Cham- 
plain,” “Hennepin,” “Kalm,’ “La Salle” 

Exvorr Durtrs, see “Duties” 

Facrorres, shown on Catlin’s map, I 45; on 
lower raceway, I 46; of lower milling 
district Niag. Falls (1893) (illus.), I 72, 
II 98, description, I 80; flour wood pulp 
located on canal, I 78; operated by Niag. 
power in 80’s, I 80; Evershed plans pro- 
vided for, I 141; see also “Hlectrochem- 
ical and Metallurgical Products and In- 
dustries” 

Facrory Sires, above high bank acquired by 
Niag. Falls Hydraulic Co., I 73; offered 
for sale by Niag. Falls Canal Co., I Tie 
proposed for Grand Island, I 97; con- 
sidered by early engs. of Cat. Constr. 
Co., I 276, 326 

Farscu & Piccarp (Geneva, Switz.), gov- 
ernors made by, see “Governors,” tur- 
bines made by, see “Turbines” ; wins high- 
est award for hydraulic devel. and elec. 
distribution, I 187, II 103; European 
experience in hydraulic work and power 
transmission, I 165 
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Farrparrn, Sir W., erected most powerful 
breast wheel in England at Catrine, II 86 

Famcuiip, Cuarzes, subscriber to first con- 
struction work Cat. Constr. Co., I 295 

Fats, Niagara, see “Niag. Falls,” Kaieteur, 
Iquassu, Seti Quedas, and Victoria com- 
pared with Niag., I 14; Les Jarrauds, 
power of made use by Deprez, I 170 

Fannino Canat-TUNNEL SCHEME, see “Lew- 
iston Water Supply Co.” 

Fanninc, J. T. (Hy. Eng., Minneapolis), 
chief eng. of St. Anthony Falls Water 
Power Co., plans for use of Niag. water, 
I 93; consulted by N. R. H. T. P. & S. 
Co., I 121; plans and reports of, owned 
by Lewiston Water Supply Co., I 239 

Fearn, on movement of wheel-pit slot walls, 
II 54 

Frperat GoverNMENT, see “U. 8S. Congress” 

Frprrat Power Commission, gives consoli- 
dated companies rights for 50 years to 
all water to be diverted on American 
side above falls, I 225, II 60, 375; con- 
firmed riparian rights to Niagara Falls 
Power Company, II 293 

Ferranti, S. Z. ve, designer of Deptford 
elec. sta., I 185, II 220 

Ferries AND Frerrtace, inclined plane substi- 
tuted for winding stairs at early Niag. 
River ferry, I 50; charges for in pioneer 
days, I 63-64 

Ferris, Perer J., devoted full time to Buffalo 
Business Men’s Assn., I 95 

Ferrro-attoys, devel. synchronous with devel. 
of Niag. power, II 307, 313-317 

Fietp, J. C., makes investigation on trans- 
mission for Edison, I 146, 147 

Fierp Corr, for 5000 h-p gen. (illus.), II 240 

Fierp or Generator, mica insulation pro- 
posed by Skinner, II 198 

Firtp Maenets, or 80’s, improved by Lamme, 
II 198; on Forbes design, II 229, 231 

Fietp Rive, specified on preliminary design 
alternators submitted by Cat. Constr. 
Co. (illus.), [1 196; on Forbes generator, 
II 230, 231 

Fretp Wrnorines, on Forbes generators (dia- 
grams), II 230 

Fisk, Joun, dir. Niag. Falls Water Power 
Co., I 75 

Frac-potg, in front of Power-house No. One 
(illus.), II 346 

Fracter, Bensamin, subscriber to capital 
stock, N. R. H. T. P. & S. Co., I 120; on 
commission to open stock subscription 
bookszot Ne Heh. . Pe & 5. 'Conin N- 
Y. and Boston, I 121; portrait, I 123; 
pro rata in distribution of purchase price 
of N. R. He TL. BP. &'S. Co., 1 135; trustee 
Niag. Falls Power Co., I 135 

Fracirr, Gen. Danret W., portrait, I 123; 
consulting eng. Cat. Constr. Co., I 282 

Freminc, Dr. J. A., preference for two- 
phase generators, II 235 

Friemi1ncG, Rosert, commissioner Niag. Canal 
Co. 1823, I 91; subscriber to first constr. 
work Cat. Constr. Co., I 295 
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FrorrsHeim, Louis, invited to attend meet- 
ing for formation of Internat. Niagara 
Com., I 175; subscriber to first constr. 
work Cat. Constr. Co., I 295 

Frora, at Niagara, I 107 

Frovurine Miits, see “Mills” 

Fioyp, JoHn G., subscriber to first constr. 
work Cat. Constr. Co., I 295 

Frumes, Wooven, of Gaskill mills, I 77 

Fores, Pror. Grorcr, appt. consultant Cat. 
Constr. Co., I 281, II 220, 225; retained 
by Cat. Constr. Co. for study of power 
transmission, II 115, 270; approval of al- 
ternating current, II 171; proposed poly- 
phase current, II 176, 181; reports on 
designs submitted by Westinghouse and 
Gen. Elec., II 228; showing umbrella 
type generator to visitors (illus.), II 
232; recommends alternating current, II 
234; recommends two-phase generators, 
II 235; on importance of Niag. devel., 
Il 356-357; portrait, II 356 

Forses ALTERNATORS, see “Alternators” 

Forses-Leiru, A. J. (Lord Leith of Fyvie), 
subscriber to first constr. work Cat. 
Constr. Co., I 295; attends meeting for 
formation of Internat. Niag. Com., I 175; 
elected dir. Cat. Constr. Co., I 236; listed 
as dir., I 249; portrait, I 255; only officer 
Cat. Constr. Co. not American, II 376 

Fort Erte, Canadian Power cables cross river 
from, I 307, 336, II 291 

Forr Nracara, ended Mile Strip, I 57 

Fort Scutosser, old Steadman place near, I 
41; ends Mile Strip, I 57 

Foster, Horatio A., expert mech. and steam 
eng. Cat. Constr. Co., I 282; power ex- 
pert in charge of propaganda for use of 
power, I 337; rep. Niag. Falls Power 
Co. at Buffalo for research, etc., I 345 

Fournryron (France), maker of first com- 
mercial turbine, II 87 

FourNEyRON Type TurBINE, see “Turbines” 

France, Paris, see “Paris”; ingenieur- 
constructeurs, see “Engineers”; title to 
Niag., I 17, 18; power devel. and trans- 
mission in 1890, I 164-177; one rep. on 
Internat. Niag. Com., I 181; firms in- 
vited to submit projects to Internat. 
Com., I 182-183; study of transmission of 
compressed air projects in, I 184; visited 
by Sellers, I 186; wins prize in Internat. 
Niag. Com. contest, I 187; visits of Cat. 
Constr. Co. officials, II 8; investigations 
by Westinghouse, II 191; hydro-pneu- 
matic projects submitted from, II 221; 
visitors from at Niag., II 332; govern- 
ment acquired reproduction of Niagara 
seal, II 347 

Francis, James B. (Hy. Eng., Lowell), con- 
sulted by N. R. H. T. P. & S. Co., 1121; 
designed Francis turbines, II 89-91, 93 

Frankrort Exursirion, lighting for, s¢e 
“Lauffen-Frankfort Transmission” 

FRANKLIN INsTITUTE OF PHILADELPHIA, dem- 
onstrated Dr. Thomson’s machine, II 209 

Frazu, see “Ice” 
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Freicur, transportation of in pioneer days, 
I 63-64 

Frencu Wueets, thought appropriate by 
Bigelow, I 74 

Frequency, see “Electric Current” 

Friepianper, eng. for Westinghouse, II 199 

Ganz & Co. (Budapest), alternators made 
by, I 171; built Rome-Tivoli plant, I 
186, II 221; highest premiums awarded 
for hydraulic devel., II 99; direct cur- 
rent engines and generators influence 
Westinghouse, II 191 

GaskitL, Cuartrs B., see also “Gaskill Flour- 
ing Mill”; Evershed scheme brought to 
attention of, I 116; incorporator N. R. 
Pee Eco} Co: lellGsypressN wheal. 
T. P. & S. Co., I 120; stimulates int. in 
N. R. H. T. P. & S. Co., I 121; negotia- 
tions with Londoners on behalf of N. R. 
H. T. P. & S. Co., 1 125; leadership after 
London negotiations failed, I 128; pre- 
sents report on Evershed tunnel, I 1380; 
on committee to interest New Yorkers 
in Niag., I 131; pro rata of purchase 
PLICETOn Nee yee Learns On sal shi. 
trustee Niag. Falls Power Co., I 135; 
portrait, I 136; subscriber to first constr. 
work Cat. Constr. Co., I 295; initials on 
first stock certificate issued by Niag. 
Falls Power Co., I 815 

Gasxit Co., see “Niagara River Hydraulic 
Tunnel, Power & Sewer Co.” 

GaskiLLt Frourtne Mirz, in 1875 (illus.), I 71, 
76-77; 1893 (illus.), I 72, II 98; power 
used in 1882, I 79; operated by Gaskill, 
II 95; early turbine runner from (illus.), 
II 97 

Gaurarp & Grins, transformers exhibited at 
Turin Exposition, II 221; Westinghouse 
acquires patents for system of alterna- 
ting current, II 187 

Generat Asrastve Co., basic industries at 
Niagara (illus.), II 320 

GENERAL Execrric Co., 

See Chapter XXII (second part): organ- 
ization, II 209-212, invited to bid on al- 
ternators, II 213, furnished elec. equip. 
for Power-house Two and part of Cana- 
dian plant, II 214, 215 

Built alternators for Power-house Two, I 
284; patents liable to overlap those of 
Westinghouse, II 241; invited to submit 
plans for elec. transmission, II 223, 224; 
exponent of direct-current machinery, 
II 227; visited by officials of Cat. Constr. 
Co., II 228; proposed three-phase gen- 
erators for Niag., II 235; recommenda- 
tions of frequency for elec. lighting, II 
237; Buck on staff of, I 285, II 214; on 
importance of original install. at Niag., 
II 263; makers of alternators for Nat. 
Electrolytic Co., the Acker Process Co., 
I 81, of generators in Schoellkopf Sta. 
Two, I 82 

Buffalo transmission: constructed trans- 
former sta. for Buffalo transmission, 
rotary converter install. at Buffalo term., 
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all Cat. Power & Conduit Co. apparatus, 
all Buffalo Gen. Elec. apparatus, alter- 
nators for Power-house Two, five alter- 
nators in Canadian power-house, II 248- 
249, suggested single pole line with two 
circuits for Buffalo transmission, I 345, 
II 270, worked on lighting problem at 
Niag., II 279, started devel.of oil circuit 
breaker, II 285, furnished  air-blast 
transformers for first Buffalo transmis- 
sion line, II 289 

GENERATING Units, see “T'urbo-generators,”’ 
“Alternators,” and “Turbines” 

GENERATORS, see “Alternators”; see also “Dy- 
namos” ; secondary, see “Transformers” ; 
used in Sta. Three-A, I 82; in use in 
1890 in Europe and America, I 166-171, 
II 171-182; Oerlikon Co’s preliminary 
plans for Niag. generators, II 106; new 
generator necessitated by polyphase cur- 
rent, II 189; direct current series advo- 
cated by Edison, Thomson, Kelvin, II 
209; direct-current generators limited 
as to power, II 256 

Geneva, Switz., use of the Rhone water- 
power at hydro-elec. sta. at, I 165; work- 
ing drawings of first turbines at Niag. 
completed in, II 112, see also “Turret- 
tint,” “Faesch § Piccard,’ “Cuenod & 
Sautter,’ “Paul Piccard” 

Grotocicat Maps, see “Maps” 

GroLocicaL Srrucrurr, at Niag. described 
(with illustrations), I 21-24; cause of 
recession, I 25-30 (with illustrations) ; to 
be taken into consideration in power de- 
velopment, I 157; influence on devel. at 
Niag., I 269; influence on tunnel lining, 
Il 22-24; rock expansion after excava- 
tion of wheel-pit slots, II 48-54; sectional 
view of stratification at the wheel-pit 
and portal of tunnel, I 23, 37, II 49 

Grotocican Surveys, see “Surveys” 

Groxocists, opinion on terrestrial uplift, I 30; 
interested in Niag., I 108; Dr. John M. 
Clarke present at transmission hearing, 
I 211; James Furman Kemp consultant 
of Cat. Constr. Co., I 282; James Hall 
on erosion, I 367-871; Pohlman advo- 
cates tunnel lining, II 22 

Germany, birthplace of Jacob Schoellkopf, I 
83; wins prize in Internat. Niag. Com. 
contest, 1187 ; Clemens Herschel educated 
in, I 278; hydro-pneumatic projects sub- 
mitted from, II 221; investigations in by 
Westinghouse in, II 191; visitors from at 
Niag., II 332; Prince Henry of Pless 
visitor at falls, II 333, see also “Munich” 
and “Lauffen-F'rankfort Transmission” 

GrYELIN, Emi C., designer of Jonval tur- 
bine to replace Niag. of Water-wheels, 
II 87; designed turbines for Internat. 
Paper Co., II 116 

Gitzert, G. K., U. S. Geol. Survey Map 1901 
figure quoted from, I 20; describes re- 
cession, I 25, 26 

Giman Fanrorp Coren. Lrp., basic indus- 
tries at Niag. (illus.), II 320 
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Grrarp Trust Co. or PuimaneLpuia, acquired 
Niag. Falls Water Works Co., I 240 
Girarp TurBrNnes, proposed by Joh. J. Rieter 

& Co. for Niag., II 105 
Givucx, James Fraser, dir. Niag. Falls Hy- 
draulic Power & Mfg. Co. (1882), I 79; 
incorporator of N. R. H. T. P. & S. Co., 
Oe sally Nee eideb. P28 Sa Corn L 
120; portrait, I 123; on com. to consider 
placing of N. R. H. T. P. & S. Co. bonds, 
I 130; efforts to interest New Yorkers in 
Niag., I 131; pro rata in distribution of 
purchase=pricevoigN. RK. H.2l) Ps & S: 
Co, I 135 
Goat Isranp, land title to, I 17; cleared and 
named by Steadman, I 41; granted to 
Porter, I 45; Lafayette’s secretary writes 
concerning power devel. on, I 47; given 
first consideration on selection of reser- 
vation site, I 104; part of state reserva- 
tion, I 148; visitors to, I 106, 109; speci- 
mens of Lobelia found on, I 107; “Goat 
Island, 1900,” description of when Niag. 
ran dry from, IT 143 
Goopyear, Cuartrs W. (Buffalo), speaker at 
dinner celebrating Buffalo delivery of 
Niag. power, I 345 
Gorz, Leon, subscriber to first constr. work 
Cat. Constr. Co., I 295 
Govutp, Cuarites W., subscriber to first con- 
struction work Cat. Constr. Co., I 295 
Governors, on first three turbines in Power- 
house One: control speed of revolution 
by iron collars, II 107, 109, ordered from 
Faesch & Piccard, II 113, description, 
II 126, 128, 129, illus. and diagrams: II 
- 126, 127; Sellers elec. on Fourneyron 
Turbine 4-10, Power-house One, II 128— 
129, illus. II 128; Escher, Wyss & 
Co. oil pressure on Francis turbines in 
three power-houses, II 129, illus., II 130; 
on Canadian power-house turbines, II 
121; Faesch & Piccard and Escher-Wyss 
contrasted, II 104 
GrammMe Macuines, ring type machines used 
by Deprez, I 170; dynamos: Forbes en- 
gaged in constr., II 225, effect on elec. 
devel., II 369 
Granv Istann, proposed factory sites on, I 
97; cables to be laid across, I 146; trans- 
mission line across (with illus.), II 293— 
295 
GRAPHITE, see also “Dr. E. G. Acheson;” basic 
industries at Niag., II 319, 322; Acheson 
Graphite Co. in illus., II 321 
Grass Istanp, pool affected by elevation of 
Lake Erie, I 19; Porter proposed con- 
struction of harbor with wharf opposite, 
I 50, 73; purchase by Cat. Constr. Co. 
authorized, I 132; power-house and tun- 
nel project on considered, II 78 
Great Brrrarn, see “England” 
Great Farts, see “Niagara Falls” 
Great LAKEs, 
First mention, I 5; first commerce on, I 6; 
overflow estimate of, I 16; re relation to 
Internat. Boundary, I 17; seasonal vari- 
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ation in level, I 19; possible diversion 
into Miss., I 30; maps and charts show- 
ing power possibilities, I 31-86; canal 
projects to aid navigation of, I 89-92; 
insurance against Niag. draught, II 141; 
surveys of, see “Surveys”; ice in, see 
“Tce”? 
Erie: effect of diversion of waters on, I 
211-214; effect of elevation on outlet of, 
I 30, in relation to Mile Strip, I 57, com- 
merce on in pioneer days, I 63, steam 
navigation from Erie to Niag. inaugu- 
rated 1858, I 75, increase of commerce 
between Erie and Ontario prompted 
building of barge canal, I 89, use of pro- 
posed for Buffalo sewerage system, I 97 
Ontario: in re Internat. Boundary, I 57, 
commerce on in pioneer days, I 63, com- 
merce prompted building barge canal, 
I 89, as proposed seat of power devel., 
} 96, tail-race waters to empty into ac- 
cording to Holley scheme, I 115 
Superior, size of, I 16 
Greece, visitors from at Niag., II 332 
GreEN, Hon. Anprew H., called attention of 
atty-genl. to terms of grant to Niagara 
Falls Power Co., 1892, I 203 
GREEN, JoHN, constr. eng. (illus.), IT 55 
Green, S. Dana, Lieve. (Edison Co.) to look 
after designs for Niag. alternators, II 213 
GREENE, James S., dir. Niag. Falls Water 
Power Co., I 75 
Grier, A. Monro, pres. Can. Niag. Power Co., 
I 238; listed as dir., I 249; portrait, I 
265; at inspection of Can. plant, II 82 
Grirrin, P. H., subscriber to first constr. 
work, Cat. Constr. Co., I 295 
Grist-MILLs, see “Mills” 
Groat, Lincotn A. (Buffalo), on first board 
of dirs. of Tonawanda Cat. Power Co., 
I 340 
Gunes, for visitors to Niag., II 336 
Hazsersuaw, Dr. (Pres. India Rubber and 
Gutta Percha Co.), assisted in constr. of 
bus-bars on first Niag. generators, IT 201 
Hare, Marrnew, commissioner of appraisal, 
State Reservation, I 105 
Harr, Cuartes M., came to Niag. in 1895, II 
807; associated with devel. of Electro- 
chemical Co., II 271; see also “Aluminum 
Co. of America” 
Hatt, James (State Geologist), explains ero- 
sion and recession of falls, I 367-871 
Hamtrn, C. J., subscriber to Niagara power 
prize, I 94; subscriber to first constr. 
work Cat. Constr. Co., I 295 

Hamury Drivine Park, used as testing place 
for inventions submitted for Buffalo 
prize money, I 95 ‘ 

Harper, Joun Lyerr, map from “Suicide of 
the Falls” by, I 25; on recession of falls, 
I 27; article in “Power” quoted, I 29, 30; 
in charge of eng. organization of Schoell- 
kopf Co. at time of consolidation, I 288; 
portrait, II 56; designer of pressure tun- 
nel, II 60; Echota sub-station named for, 
II 137; on ice conditions in 1921, II 159 
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Hawiry, Frank W., optional agreement of 
Niag. Falls Power Co. with, I 240 

Hay, ALexanoer, supt. and dir. Niag. Falls 
Water Power Co., I 75 

Hayes, Epmunp, subscriber to first constr. 
work Cat. Constr. Co., I 295 

Hazzarpv & Tyrrrett, Engl. engs. quoted in 
N. R. H. T. P. & S. Co. prospectus, I 126 

Hennepin, Fatuer R. P. Lovrs, first descrip- 
tion of Niag., I 6; title page of “Nou- 
velle Decouverte dun trés grand Pays,” 
I 6; views from “Nouvelle Decouverte 
d’un trés grand Pays,” I 7 

Herriman, Joun N., subscriber to first con- 
struction work Cat. Constr. Co., I 295 

Herscuer, Clemens (Hydraulic Eng.), con- 
sulted pyaNita ale Pa eSCo:, LZ: 
269; on early pow. devel. and transm’n, 
I 155-158; goes to London on tunnel con- 
ference, I 185, 278, II 6; advises in prize 
awards of Internat. Niag. Com., I 186; 
visits competitors in Internat. Niag. Com. 
contest to learn reaction following prize 
awards, I 190; co-operates with Sellers in 
organization of Cat. Constr. Co. eng. 
staff, I 271; on advisory board engi- 
neers, I 272; subscriber to first constr. 
work Cat. Constr. Co., I 295; advised 
modification of tunnel dimensions, II 20, 
modification shown on comparative 
diagram, II 60; quoted on slope and ve- 
locity of discharge of Niag. tunnel, II 
26; on movement of wheel-pit slot walls, 
II 54; consulting eng. at home on re- 
organization staff, II 115; report on 
operations in Power-house One, II 123; 
recommendations for prevention of ice, 
II 146; quoted on importance of Niag. 
devel., II 261-263; portrait, II 361 

“Hicu Bank” or Niacara River, see “Ni- 
agara River” 

Hieu Trenston, Brown’s discussion of at 
Frankfort, II 178, 179, 426-430 

Hir1, Cuarres B., subscriber to first constr. 
work Cat. Constr. Co., I 295 

Hir1, Daviv B, (Governor of N. Y.), accepts 
lands of state reservation on behalf of 
state, I 106; signs bill enlarging powers 
Ole Nh willie eces Corel 13 

Hix, Exen, pres. Norwalk Iron Works, I 188 

Hu, Witr1am H., subscriber to first constr. 
work Cat. Constr. Co., I 295 

Hitraret, A., power development at Chev- 
rant Paper Mill, I 166; portrait, I 192 

Hocuuavsen, work resulted in high efficiency 
motors, II 369 

Horpen, Coronet, R. E., viewing Forbes de- 
sign of generator, II 232 

Hotxanp, visitors from at Niag., IT 332 

Hotiry, Arexanver, Evershed discusses his 
plan for hydraulic canal, I 115 

Homes, Justice, U. S. Supreme Court, on 
energy of harnessed water, I 140 

Horr, Cuarres, subscriber to first constr. 
work, Cat. Constr. Co., I 295 

Moryoxr, Mass., Herschel of, I 121; Niagara 
power to exceed that of, I 141; average 
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use of power at estimated, I 155; de- 
velopments at studied as precedent in 
use of Niag. power, I 324-325; Niagara 
tunnel compared with, II 20 

Hooxer Erecrric Coemicat Co. (illus.), basic 
industries at Niag., II 321 

Horxrnson, Dr. J. (F. R. S.), on two- and 
three-phase current, II 236 

HorsrsHor Fatts, see “Niagara Falls” 

Horcuxiss, Wirt1am, commissioner Niagara 
Canal Co., I 91 

Horets, early at Niagara, I 48 

Horrincurr & Co. or Paris, subscriber to 
first constr. work Cat. Constr. Co., I 295 

House or Representatives, see “U. 8. Con- 
gress” 

Hovsron, Pror. E. J., on transmission possi- 
bilities of 1884, II 270 

“How Niacara Was Mane Free,” by Thos. 
V. Welch, I 117 

Hower, Mary A. B., subscriber to first constr. 
work Cat. Constr. Co., I 295 

Howr, Watrter (Lawyer), elected dir. Cat. 
Constr. Co., I 236; listed as early dir., I 
249; portrait, I 254; among first direc- 
tors, II 376 

Humserr, Witriam S., trustee Niag. Falls 
Power Co., I 135; div. eng. on constr. 
work Cat. Constr. Co., I 283; subscriber 
to first constr. work Cat. Constr. Co., I 
295; subscriber to capital for constr. 
work of Cat. Power & Conduit Co., I 
344; div. eng., assistant on first section 
Niag. tunnel, II 27 

Huneary, wins prizes in Internat. Niagara 
Com. contest, I 187; Stillwell’s investi- 
gations in for Westinghouse, II 191 ° 

Hounsicxer, Francis R., subscriber to capital 
for constr. of Cat. Power & Conduit Co., 
I 344 

Huntrry, Cuartrs R., portrait, I 334; in- 
corporator, member ex. com., first board 
of dirs., vice-pres. and gen. mgr. of Cat. 
Power & Conduit Co., I 343; subscriber 
to capital for constr. by Cat. Power & 
Conduit Co., I 344; resolutions naming 
steam plant at Buffalo for, I 454, 455 

Honon, see “Indians” and “Great Lakes” 

Hypravric Canat, see “Canal, hydraulic” | 

Hypravric Co., see “Niagara Falls Hydraulic 
Power & Mfg. Co.” 

Hypravric ENGINEERS, see “Engineers” 

Hypravutic Powrr Co. or NIAGARA Fats, 
listed as owner of canal, I 85; constituent 
corp. of The Niag. Falls Power Co., I 
201; notified that excessive water diver- 
sions will not be permitted, I 218; al- 
lowed special permit for water diversion, 
I 221; consolidation with “Niagara Falls 
Power Co., 1918,” I 204, 313 

Hypraviic Rieuts, see “Riparian Rights” 

Hypravric Srations, see “Power Stations’ 

Hypro-rLectric GENERATING UniTs, see 
“Turbo-generators,’ “Turbines,” and 
“Alternators” 

Hypro-rrectric Powrr Commission or On- 
TARIO, I 229 : 
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Hypvericum Karmianum, sketch and de- 
scription, I 107 
Ice 
Chapter XX: frazil and anchor, enemy to 
continuity of service, II 141, problems 
increase with increase of power, II 141, 
142, floes caused by suction, II 142-143, 
anchor, on Power-house One racks, II 
144, definition of frazil, anchor, surface, 
II 145, during first three winters’ opera- 
tion, II 146, 147, during winter of 1899, 
II 147, 148, hand-derricks clearing ice 
(illus.), II 148, ice channel dredged into 
river beds, 1899-1901, II 149-151, prob- 
lems of 1902, II 151 (illus.), II 149-150, 
effect of ice-runs into main tunnel, II 
151-153, contest 1903-1905, II 154, 155, 
steam tugs for clearing ice (illus.), II 
153, 154, 156, improvements 1918, II 157, 
effect of replacing turbines in Power- 
house One, II 157, experience of Cana- 
dian Niag. Falls Power Co. with, II 158, 
159, opinion of Barnes and Murphy on 
frazil, II 160-163 
Blocked Lake Erie in 1848, I 19, 447-451, IT 
143; anchor, danger overcome by hydrau- 
lic canal, I 74; promised to be drawback 
to Evershed inlet canals, I 143 
Iceranp, visitors from at Niagara, II 332 
Imiay, Lorin E., supt. constr. Cat. Constr. 
Co., I 283; portrait, I 285; eng.-supt. on 
staff Niag. Falls Power Co. at consoli- 
dation, I 288; statement regarding water 
in Fourneyron type turbine, II 122 
Incanvescent Licutine, see “Electric Light- 
ing” 
Inpr1a, visitors from at Niagara, II 332 
Inpvra Russer & Gurra Percua Co., assisted 
in construction of bus-bars on first Niag. 
generators, IT 201 
Invrans, Iroquet, report falls, I 5; mission to 
Huron, I 6; Ely S. Parker (with illus.), 
I 18; Seneca, names of falls, I 4, 13, 14; 
Kaw-quaws or Neuter Nation hold first 
title to Niag., I 17; Senecas gain title to 
Niag., I 17, 18; grant to John Stead- 
man, I 41; Seneca treaty re “Mile Strip,” 
I 57; Senecas give Squaw Island to in- 
» terpreter, I 63; Neuter nation, historians 
interested in, I 108; chief on Niag. seal, 
II 347 
Inpuction Corts, Stanley’s early interest in, 
II 187; positive and negative elec. dis- 
charge from (illus.), II 215, 264 
Inpustries (at Niag.), see “Factories,” 
“Mills,” and “Electrochemical and Met- 
allurgical Industries” 
INGENIEUR-CONSTRUCTEURS, see “Engineers,” 
French and Swiss 
Incranam’s Map or Faris (1836), I 41, II 
92, 93, illus., I 43 
InsuLation, proposed by Skinner on arma- 
ture and field of generation, II 198; on 
armature conductors (illus.), II 220; by 
oil, for transformers in Southern Cali- 
fornia, II 190; oil system: proposed on 


Forbes alternator, II 196, 230, on West- 
inghouse transformers at Niag., II 201, 
289; of Deprez experiment faulty, I 170 
Insutarors (for transmission lines) 
On Buffalo Lines 
Helmet type, porcelain: illus., II 274, on 
early Buffalo lines, tests, types compared 
(White), II 274, 275, modeled after tele- 
graph, II 277, pin type on first line and 
line of 1900: Stillwell’s description (with 
illus.), II 287-288, improvements, II 297 
Suspension type: progress from pin to 
suspension type (Buck), II 353, solved 
problem at Niag., II 262, devel. of Hew- 
lett-Buck design, II 280-283, illus. show- 
ing testing of suspension type, II 281, 
on company’s lines since 1918, II 296, 
297 
Suggested by C. E. L. Brown in “High 
Tension” paper, II 179, 426, 430; used on 
Frankfort-Lauffen line, II 281 
IntTERNATIONAL Bounpary Line (between 
U. S. and Canada), map showing, I 16, 
17 (illus.), I 15; in definition of “Mile 
Strip,” I 57; transmission of power over, 
I 209, 211, 228-230, 307, II 260, 290, 291, 
309, 401 
INTERNATIONAL NraGarA Commission (see 
also “Thomson, Sir Wm.,” “Mascart,” 
“Unwin,” “Sellers,” “Turrettini” ) 
Chapter X: purpose, formation, member- 
ship, invitations, investigations, consid- 
eration of projects, prize awards, re- 
ports, service rendered, I 181-192 
Portrait of members, I 180; meeting at 
Brown’s Hotel to discuss form. (June, 
1890), I 173-177, tunnel conferences 
(Sept.-Oct., 1890), I 278, II 6, 21, 26; 
Westinghouse member present at for- 
mation and first meeting, I 191; invita- 
tions for projects issued June, 1890, I 
183, 393-399; projects submitted, I 186- 
190, 401-445, II 9, 98, 99, 168, 175, 176, 
181, 219, 220, 226, 229; invitations for 
turbines as result of Internat. Niag. 
Com. report (“avant projet”), II 100, 
turbine projects submitted, II 103-106; 
first invitations for elec. gen. as result 
Internat. Niag. Com. report, response by 
Oerlikon, II 106, 257; influence on for- 
mation of Gen. Elec., II 211, 212; re- 
sults far reaching, I 191-192 
INTERNATIONAL Paper Co., water diversion 
by computed, I 215, shown on map of 
inlet canal (illus.), I 304, first Niag. cus- 
tomer, II 116; only Niag. company using 
mill-over-wheel-pit, II 255; shut-down 
hydraulic plant and got elec. power from 
main power-house, II 257; plant (illus.), 
II 320 
INTERNATIONAL Rarmway Co., allowed to 
transmit power from Canada, I 211; 
largest user of power at Buffalo, I 341; 
Niag. plants closed to allow inspection 
of steel arch bridge, II 41 
INTERNATIONAL WATERWAYS ComMMISSION, 
meeting brought visitors to N. Y., II 332; 
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formation and report of, I 206; compu- 
tation of water diversion by American 
members of March 19, 1906, I 214; in- 
vited to inspect Niag. plant during shut- 
down, II 42 


INTERNATIONAL Waterways TREATY, see 
“Treaties” 
“InviTaTion To Eastern CaAPivraLists AND 


MANUFACTURERS,” 


47, 48, 66 

I. P. Morris Co. (of Philadelphia), turbines 
manufactured by, see “Turbines”; De 
Courcy May comes to Cat. Constr. Co. 
from, II 114 

Iauassu Faris, compared with Niag., I 14 

Tron, see “Ferro-alloys”; seamless tubings 
of, II 315-317 

Troavet, young hostage received by, I 5 

Iroquois Pure & Paper Co., see “New York 
Court of Appeals” 

Isco Curmicat Co., basic industries at Niag. 
(illus.), II 321 

Iraty, Tivoli-Rome transmission studied, I 
186; visits of Cat. Constr. Co. officials, 
II 8; investigations by Westinghouse, II 
191; visitors from at Niag., II 332; Lieb 
technical dir. of “Italian Edison Co;;? 
II 221 

Jamaica, visitors from at Niag., II 332 

James, Franx, Western Union official, view- 
ing Forbes plan (illus.), II 232 

JamEstowN, uses direct service from Niag., 
II 303 

JAPAN, visitors from at Niag., II 332 

JENNINGS, Freperick B., subscriber to first 
constr. work Cat. Constr. Co., I 295 

“Jesuit Rexarions,” mention of Niag. Falls 
in, I 6 

Jesup, Morris K., invited to attend meeting 
for formation of Internat. Niag. Com., I 
175; subscriber to first constr. work Cat. 
Constr. Co., I 295 . 

Jewrrr, Mayor or Burraro, speaker at din- 
ner celebrating delivery of power to Buf- 
falo, I 345 

Jon. Jacos Rierer & Co., (Winterthur, 
Switz.), turbine manufacturers, awarded 
prize for hydraulic development, I 165, 
II 103, 105 

Jounson, Joun G., represents Elec. Devel. 
Co. at hearing to permit transmission of 
power from Canada, I 211 

Jonson, Sir Winr1aMm, made treaty for Eng- 
lish with Senecas, I 57 

Joncarmre, Jr., Crasert, first user Niagara 
power, I 41, II 93 

JonvaL Type Tursine, see “Turbines” 

JourNAL DE LA Lumrére Exzcrriave, descrip- 
tion of Deprez’ experiments in, I 169 

Karereur Farrs, compared with Niag., I 14 

Katm (Swedish botanist), views of falls 
based on descriptions of, I tory (hea Bho 
plants at Niag. named for, I 107 

Kapp, Gissert, on “Electric Transmission of 
Energy,” II 176-178 

Karre, Cor. Warrer (Civil Eng.), on staff 
Cat. Constr. Co., I 282; subscriber to 


Porter prospectus, I 
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first constr. work Cat. Constr. Co., I 295 

Kaw-avaws (or Neuter Nation), first title to 
Niag., I 17; historians interest in, I 108 

Kerrier, Masor (afterward General), lake 
survey reports submitted by, I 211-214; 
directed output of Niag. plants during 
the war, I 223; report on Niag. inspec- 
tion, II 42 

Ketvin, Lorn, see “Thomson, Sir William” 

Kemp, Pror. James Furman (New York ge- 
ologist), on staff of consultants Niag. 
Falls Power Co., I 282; on movement of 
wheel-pit slot walls, II 54 

KeEenNELLY, Artuur E. (Philadelphia, Penn.), 
consulting eng. Cat. Constr. Co., I 282; 
past-pres. A. I. EK. E. when employed by 
Cat. Constr. Co., I 288; on transmission 
possibilities of 1894, II 270 

Kent, Grorcr (Treas. of Cat. Constr. Co. 
Board), elected Feb. 6, 1890, I 236; por- 
trait, I 263; listed as early dir., I 249; 
subscriber to first constr. work Cataract 
Construction Co., I 295 

Kimperrty-Criarx Co., basic industries at Ni- 
agara (illus.), II 321 

Kine, Ezra S., secretary Niag. Falls Hy- 
draulic Co., I 70 

Krystry, Myron H., Evershed letter attracts, 
TMUGeisecretanyaN. Heltiqul encom Com 
I 120; portrait, I 123; on committee to 
confer with N. Y. persons interested 
through Rankine, I 181; pro rata in dis- 
tribution of purchase price of N. R. H. 
T. P. & S. Co., I 185; trustee Niag. Falls 
Power Co., I 135 

Kunun, Lorn & Co., subscriber to first constr. 
work Cat. Constr. Co., I 295 

KvuIcH1iNnG, on movement of wheel-pit walls, 
II 54 

Kurz, Carr. Cuas. W. (U. S. Eng.), water 
diversion applications referred to, I 209 

La Mavrpe River, power used by Deprez, 
I 170 

La Partie Carrer, members of, duties of 
(with illus.), I 273, 274 

La Sarre, Roperr Cavarier pr, visited falls, 
16 

La Vassevr, secy. of Lafayette writes re Goat 
Island, I 47 

Lapenzurc, Apotpn, subscription to first 
constr. work Cat. Constr. Co., I 295 

Larayerre, Generar Marauis px, visited Ni- 
agara Falls, I 47 

Lakes, see “Great Lakes” 

Lamour, B. G., Westinghouse eng., II 195; 
early experience, II 197; picture of, II 
197; experience at World’s Fair and 
Niag., II 198; Edison medalist, II 373; 
work on Niag. alternators, II 198; de- 
scription of evolution of first 5000 h-p 
alternators at Niag., II 408-421 

Lanp Tirres, to Niag. Falls, I 17, 18; deed 
to Porter and Barton (illus.), I 44; to 
Porter for Goat Island, I 45; map show- 
ing owners of Mile Strip (illus.), I 59- 
60; strip between high bank and lower 
river gained by Niag. Falls Hydraulic 
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Power & Mfg. Co., I 80; historic interest 
in, I 108; by confiscation, allowed to but 
not practised by N. R. H. T. P. & S. Co., 
1 120; for tunnel under, Niag. Falls, Ely’s 
report on, I 130; to 250 acre tract above 
park reservation, I 294 

Lance, Putri, eng. for Westinghouse, II 199 

Lanmr, Cuartes (banker, Winslow, Lanier 
& Co.), mem. Niag. Falls Assn., I 104; 
dir. Cat. Constr. Co., I 236, 244; Niag. 
Falls Power Co., I 237, 238, 242; listed 
as pioneer dir., I 249; portrait, I 254; 
receives bonds of Niag. Falls Power Co. 
for Cat. Constr. Co., I 293; subscription 
to first constr. work Cat. Constr. Co., I 
295; at first official inspection Power- 
house One, II 72; banker of Winslow, 
Lanier & Co., II 376 

Larocave, JoserH H. (Lawyer), dir. of Cat. 
Constr. Co. at time of liquidation, I 244; 
among first dirs. N. F. P. Co., I 237, 242, 
249, II 376; portrait, I 255; subscriber 
to first constr. work Cat. Constr. Co., 
I 295 

Laruam, JoHN Howarp, subscriber to first 
constr. work Cat. Constr. Co., I 295 

Lavurren-Frankrort TRANSMISSION, used al- 
ternating current, I 166, 171; Mengarini 
among experts who examined, I 186; ef- 
fect on Niag. project, II 102, 103, 234; 
Oerlikon Co. responsible for elec. genera- 
tors, II 106; Tesla motor planned for, II 
173; described by Brown, II 179, 426; 
significance, II 181, 182; proved high yol- 
tage alternating current possible, II 212; 
Brown’s and Dobrowolski’s part in, II 
220; three-phase used, II 236; oil filled 
insulators for, II 280, 281 

Lawrence, Mass., Bigelow chief eng. at, I 74; 
Niag. power to exceed, I 141; develop- 
ments at studied as precedent in use of 
Niag. power, I 324, 325 

Lawrence, F.. C. Jr., subscriber to first con- 
struction work Cat. Constr. Co., I 295 

Laws 

See Chapter XI, Hydraulic Rights and 
Federal Restrictions, I 195-230 
Did not provide for franchise require- 

ments in industrial developments, I 117; 
Niag. Devel. Co. under business corpo- 
ration laws, I 328; Gen. Laws of N. J., 
Cat. Constr. Co. chartered under, I 233; 
legal opinions re contracts between N. 
F. P. Co. and Cat. Constr. Co., I 235; 
text of five agreements between Cat. 
Constr. Co. and Niag. Falls Power Co., 
I 238, 239; general, did not provide for 
transmission over Erie Canal, I 238; Cat. 
Power & Conduit Co. incorporated under 
the transportation corporation law of 
State of N. Y. 1 842; see also “New York 
State Legislature,’ “New York State 
Courts,” also “U. S. Congress” 

Lawron, C. F., asst. eng. constr. work, Cat. 
Constr. Co., I 283 

Lawyers, see “George Bliss,’ “William Caryl 
Ely,” “James Frazer Gluck,’ “Frederick 
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LI. Lovelace,’ “Daniel H. McMillan,” 
“Victor Morawetz,’ “Francis Lynde 
Stetson,” “Charles E. Tracy,’ “William 
B. Rankine” 

Leeps, ENGLAND, see “Lupton” 

Lerret, James & Co., turbines in Schoellkopf 
Sta. No. Two built by, I 81 

Lruman Broruers, subscriber to first con- 
struction work Cat. Constr. Co., I 295 

Leiru or Fyvir, see “A. J. Forbes-Leith” 

Les Jarranps Faris, power of used by De- 
prez, I 170 

Lewis, Morcan, Governor, Lewiston, I 58 

Lewiston, lots sold in, I 58; 15,000 acre 
power project to extend to, I 96; elec. 
railroad connected with Niag. Gorge, I 
82; Niag. power to exceed that of, I 141 

Lewiston Water Suprpry Co., acquired by 
Niag. Falls Power Co., I 239; plans for 
use of Niag. power, I 93 

Lerypen Jar, oscillatory discharge from, II 
264 

Lizz, Joun W. (Italian Edison Co., Milan), 
well-informed on alter. current, II 221 

Licut, see “Electric Lighting” 

Licurninc Arresters, installation on Niag. 
lines caused cessation of service, II 276; 
efforts to combat lightning with along 
Niag-Buffalo line, II 278-280; Alexander 
J. Wurts’ lightning arrester, II 198, 
(illus.), IL 279; cat crawling behind 
causes short circuit, II 286 

Lixcorn, Pavut M., in charge of Buffalo 
transmission, I 286; pres. A. I. E. E., 
1914-1915, I 288; provided early heating 
device for Power-house One, II 67; eng. 
for Westinghouse, II 199; work with 
Westinghouse on Buffalo transmission, 
II 201, 202; on details of Buffalo trans- 
mission, II 276-286; opinion of impor- 
tance of Niag. devel., II 354, 355; por- 
trait,-II 354 

Lirrre, W. Paxron, asst. secy. and treas. Ni- 
agara Falls Power Co., I 242; treas., I 
238; listed with early directors and offi- 
cers, I 249; portrait, I 264 

Liverroot, Ene., see “George F. Deacon” 

Losetia Katmu, sketch and description, I 107 

Locke, Franxiin D., subscriber to capital 
for construction by Cat. Power & Con- 
duit Co., I 344 

Locxrort, Erie Canal develops water-power 
at, 1 47; Holley canal to have extended 
to, I 115; Alexander Holley from, I 115; 
contract between Niag. Falls Power Co. 
and Frank W. Hawley for transmission 
of elec. power to, I 240; uses direct ser- 
vice from Niag., II 303 

Locxrort Hypravric Co., permitted to divert 
water from Niag. under Burton Act, I 211 

“Lockport Union,” Evershed letter pub- 
lished in, I 115 

Lonpon, ENncianp, associates among first 
subscribers of Cat. Constr. Co., I 295; 
see also “Brown's Hotel,’ “International 
Niag. Commission, meetings of,’ “Fer- 
ranti,” “Forbes,” “Unwin” 
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Lonpon AND WesrminsterR Bank, bankers of 
INGE ee 8C0., eel 2g 

Lonpon Exerc. Surpry Co. Lrp., re Ferranti 
established alternating current with, II 
220 

Loor Canats, see “Canal, loop” 

Loyersoy, J. R., on staff Gen. Elec. Co., II 210 

Loveracr, Frepericx L., contributor chapter 
on “Hydraulic Rights and Federal Re- 
strictions, I 195; secy. N: F. P. Co., 
1918, I 238; dir., I 242, 249; portrait, I 264 

Lowe 1, Mass., see “James Francis” ; hydrau- 
lic engineers consulted by N. R. H. T. P. 
& S. Co., I 121; Niag. power to exceed, 
1141; Niag. tunnel compared with, II 20 

Lower Miri1ine Disrricr Nracara, see “Ni- 
agara River” 

Lupton or Leeps, Pror., guides International 
Niagara Commission in study of com- 
pressed air, I 184 

LuxemsBourc Museum, see “Paris” 

Lyons, N. Y., Empire Gas & Elec. Co. fur- 
nishes power to, II 306 

MacMonntes, Frepericx, designed Niagara 
seal, II 345 

MacRag, C. C. (London), attends meeting for 
formation of Internat. Niag. Com., I 
175; subscriber to first constr. work Cat. 
Constr. Co., I 295 

McCottoven, Joun G., subscriber to first 
constr. work Cat. Constr. Co., I 295 

McErratu, Tuomas, Niag. Falls Hydraulic 
Co. bonds certified by, I 71 

McFarrann, J. Horace, represented Ameri- 
can Civic Assn., I 211 

McGu Untversiry, Henry S. Bovey of 
comments on harnessing of Niag., II 333 

McKim, Mean & Wurrte, designers of Power- 
house No. One, II 66 

McMrizan, Danier H., subscriber to Niag. 
power prize, I 95; counsel for New York 
Central, I 128 . 

McVeicu, Cuartes, subscriber to first constr. 
work Cat. Constr. Co., I 295 

Maenets, see “Field Magnets” 

Mar-or-Misr Poot, see “Niagara River” 

Manvractrories, see “Factories,’ “Mills,” 
“Blectrochemical and Metallurgical In- 
dustries” 

Manuvuracturers AND Travers BANK at Bur- 
FALO, Subscription books of N. R. H. T. 
Jen @a isn (ory I aval 

Mars, Cuarts, AND DrAGRAms, 

Charts (illustrations): showing increase in 
population and wealth of Buffalo, I 347, 
348, showing movement of wheel-pit walls, 
II 51, 52, of power developed by Niag. 
Falls Power Co. 1918 and distribution 
among various classes of service, II 302 

Diagrams (illustrations): of modifications 
of Evershed scheme, I 114, II 10-18, of 
distribution circuits, II 251, wheel-dia- 
gram of distribution among various 
classes of service, II 325 

Geological maps and maps showing reces- 
sion, I 20, 21, 23, 270, II 6, (illustra- 
tions): I 22, 23, 24, 25, 37, II 49 


Map of Great Lakes (illus. and descrip- 
tion), II 32-36 
Buffalo, Niag. & Eastern Power Corpn. 
high tension lines (illus.), I 354 
N. Y. State Reservation at Niag. (Dow) 
(illus.), I 106, 142 
Niag. Falls: early maps 1612-1692, I 18, 
Internat. Boundary Line 1819, I 16, 
(illus.), I 15, Mile Strip, I 58, (illus.), 
I 59, map of 1805 (illus.), I 42, Catlin’s 
1831, I 45, Ingraham’s 1836, I 41, II 93, 
(illus.): I 43, II 92, Emslie’s 1846, I 69, 
II 94, (illustrations): I 46, 232, II 96, 
map of 1846 showing extension of upper 
raceway, I 48, in pamphlet of Niag.Falls 
Hydraulic Co. (1853), I 70; village of 
1856 (illus.), I 48, offer to pay Edison 
for maps 1889, I 147, historic Niag. 1891 
(illus.), I 40, river and vicinity 1921 
(illus.), I 56, 57, showing the properties 
of Niag. Falls Power Co. by Horace 
Wells Sellers (illus.), II 266-268, show- 
ing properties of Niag. Falls Power Co. 
1918 and affiliated companies (illus.), II 
321, 322; showing main track and sidings 
of Niag. Jct. Ry. (illus.), II 331 
Power-houses (illustrations): inlet-canal 
and power-house, I 304, II 19, location 
Canadian power-house, II 82, location of 
power-plants 1927, II 136 
Village of Pierpont and Squaw Island, I 92 
Waterways of Niag. Falls Power Co., 1918 
(illus.), II 57-59 
Marsn, Luruer R., commissioner appraisal 
State Reservation, I 105 
Mascart, E., member Internat. Niag. Com., 
I 181; pictures of, I 180, 191 
MAscHINENFABRIK OrritIkon, see “OC. BE. L. 
Brown’; near Zurich, I 166; transmis- 
sion projects of 1800, I 171; preliminary 
plans for elec. generators, II 106; table 
giving list of installations mentioned, II 
177; refuses to guarantee against patent 
infringements, II 180; invited to submit 
plans for elec. transmission, II 223, 224; 
response to invitations, II 227; favors 
three-phase current, II 236 
Massacnuserts, gives N. Y. Mile Strip title 
(1786), I 57; investigation re power use 
in, I 324-825; see also “Stanley,” “Law- 
rence,” “Lowell,” and “Thomson-Hous- 
ton Elec. Co.” 
Masson, Raymonp S. (Los Angeles, Cal.), 
operated first switchboard of Niag., I 285 
Masten, Artuur H., trustee Niag. Falls 
Power Co., I 135, 249; portrait, I 258; 
subscriber to first constr. work Cataract 
Construction Co., I 295 
Maruer, Wi1111aM, comment on harnessing of 
Niag., II 333 
Maruews, Georce B., dir. Niag. Falls Hy- 
draulic Power & Mfg. Co., I 79; organ- 
izer Brush Elec. Light & Power Co., I 
80; retirement in 1914, I 84; succeeded 
Schoellkopf as pres. of Niag. Falls Hy- 
draulic Power & Mfg. Co., I 84; initials 
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on first stock certificate issued by Niag. 
Falls Power Co., I 315 

Marnewson, THomas, opinion on Niagara 
ownership, I 100 

Marureson Arxatt Co., users of Niag. Power 
on Scott’s diagram (illus.), II 251; ro- 
tary converters with transformers used 
at (illus.), II 258 

May, Dr Covrcy, gen. mgr. I. P. Morris Co. 
joins eng. staff of Cat. Constr. Co., I 
283, II 114, 115; portrait, II 114; report 
on first use of wheel-pit slot, II 39; West- 
inghouse acquires services of, II 199; 
technical adviser of Cat. Constr. Co. as 
to transmission, II 271 

Means, E. C., eng. for Westinghouse, II 199 

Mepats, to Peter Buell Porter (illus.), I 66; 
see also “Edison Medalists” 

Memoriar Tasrers, see “Tablets” 

Mencarint, Pror. G., accompanies Sellers to 
Rome, I 186; responsible for Tiyoli-Rome 
transmission, II 221 

METALLURGICAL PrROocEssES AND Propucts, s¢eé 
“Electrochemical and Metallurgical 
Products and Industires” 

Merrers anp Merasurtne Instruments, Shal- 
lenberger invents induction meter, II 189, 
198, 201; on early Niag. generators de- 
signed by Westinghouse, II 201; Dr. 
Thomson takes up devel. of, II 209 

Merrorortitran Museum or Art, Niag. seal on 
exhibition at, II 347 

Mexico, visitors to Niag., II 332 

“Mirk Srrip,” see “Niagara River” 

Mires, Generar Netson A., opinion of Chas. 

- B. Gaskill, I 137 

Mirirr, Georce N., resignation of N. R. H. 
TP. & 'S; Co. 1128 

Mivt-over-W ueer-prr Meruop or Power Dr- 
VELOPMENT, see also “Central Power Sta- 
tions” and “Evershed Plan.” Fanning 
project advocated, I 93 

Muz-srres, laid out on map of Squaw Island, 
I 92; offered for sale by Niagara Falls 
Canal Co., I 77; to be leased to Ray- 
mond Perrin according to Engl. scheme, 
I 125; problem considered by engineers 
1890-1891, I 276; see also “Factory Sites” 

Mitt-stonrs, see “Run of Stone” 

Mit1t-wuHeets, see “Wheels” 

M115, saw, grist, flour, paper, etc., developed 
by pioneers at Niag. (illus.), I 41, 45, 46; 
Gaskill flouring, first use of hydraulic 
canal, I 76, 77, (illus.), I 71; early tur- 
bine runner for (illus.), II 97; of lower 
milling district at Niag. Falls shown on 
illus. 1893, I 72, II 98; Schoellkopf and 
Mathews Flouring Mill, I 78, II 96; flour- 
ing, Central Milling Co., I 78; flouring 
and pulp using Niag. power in 1882, I 
79, 80; Evershed’s plan for, I 141; area 
for at Niag. limits, I 143-144 

Mitts, Darius O., elected dir. Cat. Constr. 
Co., I 236; Niag. Falls Power Co. dir., I 
237, 242, 243, II 376; portrait, I 256; 
subscriber to first constr. work of Cat. 
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Constr. Co., I 294-295 ; subscriber to capi- 
tal for constr. by Cat. Power & Con- 
duit Co., I 344; at first official inspection 
Power-house One, II 72; first board of 
dirs. Cat. Power & Conduit Co., I 343 ® 

Mines, Goitp anv Sitver, rights of at Niag. 
reserved to state, I 45 

Minneaporis, Fanning consulted by N. R. H. 
Pee ae eos LalalseN IR ae bo Pre 
S. Co. endeavors to obtain subscriptions 
at, 1121; Niag. power to exceed that of, 
I 141; Niag. tunnel compared with, II 
20; devel. at St. Anthony’s Falls studied 
as precedent for Niag. devel., I 325; 
Pillsbury of, see “Pillsbury” 

Misston artes, Carnoric, mention, Niag., II 6 

Mississreri River, possible future diversion of 
Niag. water to, I 30 

Monvtreat, meeting of A. S.C. E. at, II 91; 
Kélvin’s prophecy regarding transmis- 
sion to, II 168; McGill Univ. at, II 333 

Morawerz, Vicror, engaged as counsel for 
Stetson, I 133; legal opinion on Cat. 
Constr. Co. proceedings of 1889, I 236; 
elected to board of dirs. Cat. Constr. Co., 
I 237; one of survivors of board in 1918, 
I 238; listed among early dirs., I 249; 
portrait, I 260 

Morean, J. Prerront, cables to Adams re 
Internat. Niag. Com. plans, I 177; sub- 
scriber to first constr. work Cat. Constr. 
Co., I 295 

Morais Co., see “I. P. Morris Co.” 

Morrison, Greorce A., subscriber to first con- 
struction work Cat. Constr. Co., I 295 

Morse, Samuet F. B., first wire message over 
telegraph quoted, IT 325, 343, 361 

Morton, Henry, portrait, I 148; on elec. 
transmission, I 148, 149; assists Herschel 
in study of Niag. problem, I 155; early 
investigations re use of Niag. power, I 269 

Morors, early attention, II 106; foreign and 
doméstic used in 1890, II 171-176, 180, 
181; early operated on direct current, II 
369; synchronous and induction used at 
World’s Fair tested Lamme’s ability, 
II 198; for use of power tenants, bids 
from Westinghouse and Gen. Elec. for, 
II 228; driving arc-lighting machines at 
Tonawanda sub-stations, II 289; induc- 
tion, invented by Tesla, II 173; valuable 
invention of early nineties, II 182, ac- 
quired by Westinghouse, II 189, required 
polyphase current, II 189, indicated 
Tesla’s preference for alternating cur- 
rent, II 235, influence of, II 369 

Movtp, engineer for Westinghouse, II 199 

Mouriyavsen, Arsac, Jonval turbines manu- 
factured at, II 89 

Municu#, elec. exposition at, work of Deprez, 
I 169 

Morruy, Joun (Ottawa, Can.), reads paper 
on frazil and anchor ice, II 162 

Museum or Fine Arts, Boston, Niag. seal 
on exhibit at, II 347 

Nationa Anmine & Cuemicat Co., basic 
industry of Buffalo (illus.), II 304 
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Natronat Carson Co. Inc., basic industries 
at Niagara (illus.), II 320 

Natrionat Execrric Licut Assn., White paper 
on Buffalo transmission before, II 271 

Nationat Exvecrroryric Company, served by 
Schoellkopf Station No. Two, I 81 

Navittez, Cox. Gustave Louts, eng. of Escher, 
Wyss & Co. (with portrait), II 88 

Neckar River, see “‘Lauffen-Frankfort 
Transmission” 

NETTLEFOLD, FREDERICK, attended the meeting 
for formation of Internat. Niag. Com., I 
175; subscriber to first constr. work Cat. 
Constr. Co., I 295 

Neuter Nation (or Kaw-quaws), hold first 
title to Niag., I 17; of interest to his- 
torians, I 108 

New Encranp, investigations re power de- 
velopment, I 324 

New Jersey, Cat. Constr. Co. chartered under 
laws of, I 233; earliest turbines in Amer- 
ica made at Camden, II 87 

New Yorx Boranicat Garpen, artist from 
sketches Niag. flora, I 107 

New York Cenrrat Execrric Corpn., fur- 
nish power to Hornell, Warsaw and 
Perry, II 306 

New Yorx Cenrrat Rarmroap, efforts to in- 
LELeS Ue Ne eines enor San COs bass 
industrial center at Niag. located near, 
1160; Niag. Falls property crosses tracks 
of, I 326; portion of right-of-way shown 
on map (illus.), I 331; main lines pass 
for two miles by Niag. Falls Power Co. 
property, I 328; Niag. Jct. Ry. connected 
with, I 330; Echota station of, I 8328-330 

New York CuamBer or ComMMERCE repre- 
sented at hearing to permit transmission 
of power from Canada to U. S., I 211 

New York Crry, Porter, Barton & Co. es- 
tablishes trade between N. Y. and Buf- 
falo, Cleveland, and Pittsburgh, I 63; all- 
water route established to, I 64; Wood- 
hull mayor of, 170; N. R. H. T. P. & S. 
Co. stock subscription books opened in, 
I 121; interests gain control of Niag. 
power devel., I 131; Kelvin’s prophecy 
regarding transmission to, II 167; adop- 
tion of alternating current polyphase sys- 
tem based on Niag. example, II 260; for 
citizens of see Adams, Astor, Foster, 
Habershaw, Katte, Kemp, Mills, Ran- 
kine, Stetson, Tesla, and Wickes 

New Yorx Enpison Co., first central station 
for distribution of electricity, II 169 

New York, Laxe Erte & Western Rarrroan, 
Niag. Falls Power Co. crosses, I 826; 
portion of right-of-way shown on map, 
I 331; main lines pass for two miles by 
Niag. Falls Power Co. property, I 328; 
Niag. Jct. Ry. connected with, I 330 

New Yorx Srate, assembly, see “New York 
State Legislature’; atty.-gen.: opinion 
on act of 1892, I 203, rules against pri- 
vate ownership of river bed, I 79; char- 
ter, special, allowing diversion of water, 
II 331; commissioners of appraisement 


rule Niag. a public stream, I 79; com- 
missioners land office: patent to Porter, 
I 42, authorize sale of Lewiston lots, I 58; 
constitutional debt limit in 1879, I 101; 
Constitutional Convention: cleared land 
titles, I 57, called on to settle question of 
riparian rights in 1894, I 79; Deputy-Sur- 
veyor Annin surveys Mile Strip, I 58; 
execution by elec. current, I 145; deed 
from to Porter and Barton (illus.), I 44; 
geologists of, see “Geologists”; govern- 
ors: Tomkins in time of Augustus Porter, 
I 45, Morgan Lewis, town named for, I 
58, Lucius Robinson: makes appeal for 
Niag. reservation, I 101, calls attention of 
Ontario to need for park, I 102, David B. 
Hill: accepts reservation in name of state, 
I 106, signs bill giving more scope to 
N. R. H.T. P. & S. Co., I 131, advises 
against special enactment re Niag. char- 
ter, 1 119; laws, see “Laws,’ “New York 
Courts,” “New York Legislature”; own- 
ers: of falls, I 17, of Mile Strip, I 57, of 
land from Great Fall to Port Day, I 142, 
143, of Niag. River save for purposes of 
defence of navigation, I 205; one-half 
population outside Greater N. Y. draws 
power from Niag., II 303; power statis- 
ties of, II 457-466; Public Service Com.: 
grants permission to Buffalo, Niag. & 
Eastern Power Corp. to issue stock, I 
350, approves merger Cat. Power & Con- 
duit Co. and Buffalo Gen. Elec., I 347; 
riparian rights, see “Riparian Rights’ ; 
Supt. of Public Works grants Niag. Falls 
Power Co. right to construct aerial lines 
and cables, I 337; Survey Board recom- 
mends formation of state reservation, I 
103; surveyor-general: marked Porter 
lots valuable for water power, I 42, super- 
vises surveying of Mile Strip, I 58, Elna- 
than Sweet approves plans of N. R. H. 
T. P. & S. Co., I 121, quoted in English 
prospectus, I 126; surveys, see “Surveys” 

New Yorx Srare Courts, Court of Appeals: 
decision in case of United Paper Board 
Co. vs. Iroquois Pulp & Paper Co. re ri- 
parian rights and land ownership, I 200, 
201, affirms Supreme Court decision re 
right Hydraulic Power & Mfg. Co. I 202; 
Supreme Court: confirms appraisal on 
Goat Island, I 104, recognizes that Niag. 
Falls Hydraulic Power & Mfg. Co. has 
property rights as distinguished from 
franchise, I 202; see also “Laws” 

New York Strate Leeistature, cleared land 
titles in Mile Strip, I 57; directed survey 
Mile Strip, I 58; passed bill allowing pri- 
vate ownership at Niag., I 79; granted 
charter to Niag. Canal Co., I 90, 91; slow 
to preserve Niag. beauty, I 101; acts 
authorizing purchase of state reservation, 
I 104, 105; Welch a member of, I 116; 
policy in granting special charters, I 117; 
special charter under Evershed plan 
sought for, I 117; Ely candidate for 
speaker of, I 117; special acts granting 


INDEX 


and amending charter N. R. H. T. P. & 
S. Co., I 119, 128, 131, 201, 202, II 5; gen- 
eral laws change name of N. R. H. T. P. 
& S. Co. to Niag Falls Power Co., I 132; 
commission on statutory revision reported 
to legis. of 1890 regarding general laws 
governing corporations, I 133; Niag. 
Falls Power Co’s right to take water, 
hitherto under common law, recognized 
by act of legislature, I 158, 203; consoli- 
dation and formation Niag. Falls Power 
Co., 1918, allowed, I 204; acts of 1892 
and 1896 grant and confirm right of 
Niag. Falls Power Co. to use water of 
Niag. River to extent now allowed by 
Federal government, I 205; see also 
“Laws” 

New York Reservation 

Chapter VI: proposals of 1879 regarding, 
I 101-103; legis., 1880-1883, I 103, 104, 
appraisement and purchase 1884-1885, 
I 104, 105, dedication ceremonies, I 106, 
commissioners placed in charge of, I 106, 
public interest in, I 106, 107, effect of 
devel. upon Niag. power, I 108, 109 
Annual report re Lake Survey, I 20; com- 

missioners report recesssion of falls, I 
26; first mill on present site, I 41; upper 
and lower raceway by state as part of, 
I 46; clouded riparian rights of Porter 
family, I 57; brought up question of 
ownership of Niag. River, I 79; Dow, 
commissioner of quoted, I 100; Evershed 
tunnel to begin north of, I 115; Welch 
supt. of, I 116; Evershed scheme would 
locate industrial district out of reach of, 
1 116; men meet at office of supt. to con- 
sider Evershed scheme, I 117; confisca- 
tion of property for, I 120; ownership of 
land along river, I 199, 200; rights of vs. 
company rights, I 203; acquired by pur- 
chase 1884, I 205; hemmed in above and 
below falls by power devel. projects, I 
269; state demolished all mills above 
falls at purchase of, II 95; visitors to, 
see “Visitors” 

New York State Waterways Commission, 
meetings brought visitors to Niag., II 332 

New Yorx Trrpune, account of dinner 1897 
to commemorate delivery of Niagara 
power, I 345 

“Nracara,” Indian pronunciation, I 4, 13, 14, 
II 347; “Niagara of Water-wheels” lar- 
gest in America, II 87, (illus.), 84; pros- 
pectus of 1893, “Niagara Power Doub- 
led,” I 96; “Niagara Made Free,” slogan 
of N. Y. State reservation movement, I 
101 

Nracara Arxatti Co., basic industries at Niag. 
(illus.), II 321 

Nracara Ammonia Co. Inc., basic industries 
at Niag. (illus.), II 321 

Nracara Canat Co., of 1789, I 89, 90; of 1823, 
I 90, 91; of 1789 and 1823 compared, I 91 

Nracara County, evidence of paid stock of 
Niag. Falls Hydraulic Co. filed with, I 71 
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Nracara DervELopMENT Co., map showing 
property holdings before 1918 consoli- 
dation, I 321, 322; formed to carry out 
development of residential tract, I 327; 
building of Echota, I 328-330; used Ni- 
agara Seal, II 345 

Nzacara ELectro-cHEMIcAL Co., user of Ni- 
agara power, on Scott’s diagram, II 251; 
basic industries at Niag. (illus.), II 321 

Nracara Exectrrotytic Iron Co., plant (illus.), 
II 314; cell assembly (illus.), II 315; 
manufacture of seamless iron tubing, II 
315-317 

Nracara Escarpment, I 21; effect of reces- 
cession on, I 30; power to be developed 
at, I 96; great power scheme by Holley 
located on, I 115 

Nracara Farris (Great Farts), early history, 
I 5-14, early names for, I 4, 138-14; ac- 
cessibility, I 14; American: passable on 
foot, I 19, 447-451, II 143, unchanged, I 
26, water diverted about a mile above, 
I 199, effect of water diversion on, II 
42; Canadian, see “recession” below, 
charted, I 31-386; compared with other 
falls, I 14, 165; description by Henne- 
pin, I 6; diversion of water to Miss. 
possible, I 30; Holley canal to have left 
river ten miles above, I 115; Kelvin’s 
swim below, II 168; maps, see “Maps”; 
pioneers failed to use, I 89; pioneer por- 
tage two miles above, I 63; preservation 
of: legal investigation concerning, I 205— 
216; recession of horseshoe: in re In- 
ternat. Boundary, I 17, causes and prog- 
ress of, I 24-30, explained by James 
Hall, state geologist, I 367-871; as 
scenic spectacle, I 14, 23, 101-108, 120, 
130, II 331; surveys, see “Surveys”; 
views of: aeroplane, I 28, 29, II 4, 374, 
see also frontispieces Volumes I, II, in 
winter, II 140, 162, Hennepin, Kalm, 
ete., prints, I 7-11; visitors, see “Visi- 
tors”; volume, I 16, 18, 19 

Niacara Farris (Virrace anp Town), for 
maps, see “Maps, Niagara Falls’; village 
water works, see “Niagara Falls Water 
Works Co.’; industrial beginning, I 42; 
hydraulic canal benefits manufactories 
of, I 70, 73; located inland away from 
rapids, population in 1853, I 74; jubilant 
over Schoellkopf purchase in 1877, I 76; 
Arthur Schoellkopf takes up residence 
in, I 78; population increased under 
Niag. Falls Hydraulic Power & Mfg. 
Co., I 79; approved plans for tunnel of 
N. R. H. T. P. & S. Co., I 121; Schoell- 
kopf built up, I 84, 102; plans for power 
at Squaw Island thought detrimental to, 
I 92; meeting place of appraisement 
commission for state reservation, I 104; 
loses faith in Evershed plan, I 129; com- 
bine with N. Y. interests and capital to 
further power, I 131; great mfg. village 
of West, I 138; population in 1890, I 141, 
325; in triangle form, see “Niagara River, 
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angle’; compared with Buffalo as mar- 
ket, II 8, 257, 258; tunnel passes under, 
I 280, II 56; landed estate of associated 
companies lies mainly within, I 328; illus, 
showing basic industries, II 320, 321; 
lights and street cars of first run by 
Niag. power, II 97; uses direct service 
from Niag., II 303 
Nracara Farzrs Association, organized to 
further state reservation project, I 104 
Nracara Farrs Cana Co. (Day Co. of 1860), 
formed, I 75; sold at auction to Schoell- 
kopf, I 76; circulars issued by, 1 77, 378; 
379; listed as owners of hydraulic canal, 
I 85 
“Nracara Farris Gazerre,” on first electricity 
at Niag., I 80 
Niacara Farrs Hypravzric Co. (Woodhull 
project), certificate of capital stock, I 
71, (illus.), I 68; formed, I 69; circulars, 
170, 74, II 142; officers, I 70; bond issue, 
I 71; plans for hydraulic canal, I 73; 
failure, I 74; name changed to “Niagara 
Falls Water Power Co.,” I 75; listed as 
owners of canal, I 85 
Nracara Farts Hypravuric Power & Mre. 
Co. (“Schoellkopf” Company), see also 
“Canal, hydraulic’; formation, I 78; 
officers and directors in 1882, I 78, 79; 
power stations described, I 81, 82; se- 
cures deed for strip between high bank 
and lower river, I 80; Jacob Schoellkopf 
as founder and pres. (with illus.), I 82- 
84; listed as owner of canal, I 85; incor- 
porated under laws of State of N. Yaak 
201; represented at hearing to permit 
transmission of power from Canada to 
U. S., I 210; permitted to divert water 
under the Burton Act, I 211; shut down 
on acct. lake survey, I 213; first users 
of total head, II 97 
Niacara Faris Paper Co., Niag. Jet. Ry. 
receives all freight consigned to, I 831; 
tunnel of, II 33 F 
Nracara Farts Power Co. (prior to consoli- 
dation in 1918), circulars of, see “Cirecu- 
lars” ; engineers, see “Engineers” ; power 
development by, see “Turbo-generator 
Units,” “Turbines,” “Alternators,” ete. 
Evolution of 
Chapter VII: The Evershed Scheme, I 
113-188 
Chapter VIII: The Evershed Project, In- 
vestigation and Modification, I 139-160 
Chapter IX: Evolution of the Central 
Power Station Plan, I 161-178 
Chapter X: The International Niag. Com- 
mission, I 179-192 
Chartered 1886 under name Niag. River 
Hydraulic Tunnel, Power & Sewer Co., 
name changed in 1889, charter amend- 
ments, I 202; right to take water recog- 
nized by act of 1892, I 203; consolidated 
as Niag. Falls Power Co. 1918, I 204; 
represented at hearing to permit trans- 
mission of power from Canada, I 210; 
permitted under Burton Act to divert 
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water, I 211; limited by Burton Act, I 
215; notified that excessive water diver- 
sion would not be permitted, I 218; spe- 
cial permits during war, I 220-223 
Early dirs. and officers, lists, I 237, 238, 
242, 243, 247, 248; portraits, I 250-266 
Chapter XIII: Eng. Organization, 1900- 
1918, I 267-288; invites Emmet to join 
staff, Stillwell succeeded by Buck, II 214 
Chapter XIV: Finances, I 289-315 
Stock exchanged for that of Tonawanda 
Power Co., I 308; consolidation of Niag. 
Falls Power Co., Hydraulic Power Co. 
of Niag. Falls and Cliff Dist. Co., I 223 
Landed estate of, I 317-322 
Granted transmission rights by Supt. of 
Public Works, I 337; makes offers to 
city of Buffalo for municipal ownership, 
I 338-340; obtains franchise from Tona- 
wanda Community, I 340; credit to stand 
as basis of financial structure of dis- 
tributing organizations, I 342 
Abridged history from report of Buffalo, 
Niag. & Eastern Power Corpn., I 352 
Beginning correspondence to Stanley’s 
demonstration at Great Barrington, II 
189, 308; set precedent by adoption of 
alt. cur., II 260; signing of contract for 
alternators great event, II 195; first ex- 
tensive application of Tesla motor, II 
269 
Adoption of official seal, II 345; table 
showing forty years’ growth of, II 455, 
456; many engs. and officers medalists, 
II 373 
Map showing property holdings before 
consolidation (illus.), I 821, 322 
Map showing properties of by Horace 
Wells Sellers (illus.), II 266-268 
The Installations of, by Charles F. Scott 
(illus.), II 249, 251 
Nracara Farxs Powrr Co. 1918, see also 
“Power Stations,’ “Turbines,” etc., mem- 
bers of Schoellkopf family now active in, 
I 84, (illus.), I 86, listed as owners of 
canal, I 85; basis of riparian rights, I 
197-230; formed by consolidation, Oct., 
1918, I 204, 313; stock certificate bears 
MacMonnies seal and initials of foun- 
ders of original companies, I 315; profile 
cross-section and plan of waterways, II 
57-59; present output, II 136; total in- 
stalled capacity, II 137; control of prop- 
erties acquired by Niag. & Eastern 
Power Corpn., I 350; power developed 
by, II 302; adopts Niag. Seal, II 345 
Nracara Faris Water Powrr Co. (Day Co.), 
outgrowth in 1856 of Niag. Falls Hy- 
draulic Co., I 75; dirs., I 75; listed as 
owners canal, I 85; bought out by Niag. 
Falls Hydraulic Power & Mfg. Co., I 201 
Nracara Faris Warer-Works, users of power 
in 1882 (Suspension Bridge Co.), I 79; 
in 1893 (Niagara Falls City Water- 
Works), (illus.), I 72, II 98; stock, prop- 
erty, and assets acquired by Cat. Constr. 
Co. 1890 (Niagara Falls Water-Works 
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Co.), I 160, 240; user of hydraulic power 
from canal, II 116 

Nracara Gorce Rarroap, operated from 
power served by Schoellkopf Sta. Two, 
I 82 

Nracara Junction Raitway Co., land for 
purchased by Cat. Constr. Co., 1 160; map 
showing property holdings before 1918 
consolidation, I 321,322; company formed 
to build, I 327-828; built from one end 
of company’s property to other, I 330, 
331; map showing track and main sidings, 
I 331; electrified, I 332; acquired by Cat. 
Constr. Co., I 240; used Niag. seal, II 345 

Niacara Hisroricat Society, Niag. seal on 
exhibit at, II 347 

NracarA Hypravric Evecrric Co., history of, 
I 95, 96 

Nracara, Lockport & Ontario Power Co., 
control of properties is acquired by Niag. 
& Eastern Power Corpn., I 350; repre- 
sented at hearing to permit transmission 
of power from Canada, I 210; allowed to 
transmit power from Canada, I 211; of- 
fice in Gen. Elec. Bldg. (illus.), I 351; 
abridged history from report of Buffalo, 
Niag. & Eastern Power Corpn., I 352, 
353; distributes power to Syracuse Light- 
ing Co. and other companies, II 306; 
cities and towns served by, II 306 

Nracara Portacr, Steadman British master 
of, I 41; lease, I 58, 64; necessity of using 
prompted building of barge canal, I 89; 
put into disuse by Erie Canal, I 92; as 
subject of historical interest, I 108 

Nracara River, see also “Niag. Falls (Great 
Falls)” ; angle caused by change in river’s 
course favorable for residential and 
manufacturing purposes, I 143, 269, 323, 
328 ; block map explanation, I 21, (illus.), 
I 22, bridges across, see “Bridges” ; chan- 
nel as Internat. Boundary Line, I 17; 
charter grants power to use water with- 
out limitation, I 158; size of drainage 
basin, I 16; “ran dry,” I 19, 449-451, II 
143; hydraulic rights in of Niag. Falls 
Power Co. regarded, I 195-230; Erie 
Canal harbor on, I 64, 92; high bank, or 
bluff below falls (Niag. Gorge): Porter 
canal basin to have been located on, I 
50, limitation as to use of, I 69, first 
waters from hydraulic canal falling over 
(illus.), I 70, Gaskill Flouring Mill, I 76, 
(illus.), I 71, lower milling district 1893, 
I 72, 80, (illus.), I 72, II 98; power util- 
ized fully, I 108, 109, (illus.), I 73, 
wheels recommended for by Bigelow, I 
74, land on purchased by Schoellkopf, I 
76, industries using in 1882, I 79, early 
mills on, I 116, land between high bank 
and lower river acquired by Niag. Falls 
Hydraulic Power & Mfg. Co., I 80; ice, 
see “Ice”; ownership of land, see “Land 
Title’ and “Riparian Rights”; drop be- 
tween upper rapids and Maid-of-Mist 
pool, I 81; massacre of Engl. troops at 
Devil’s Hole, I 57; Mile Strip along, I 
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42, 58; scale model of, I 30; pioneer 
boats on, I 63; rapids, I 21, 50; first ref- 
erence in legislation to use of waters of, 
I 90; straits of charted, I 31-36; surveys, 
see “Surveys”; whirlpool, I 21; upper 
and lower crossings of Grand Island 
transmission lines (with illus.), II 293- 
295 

Nracara River Hypravric Co. 1832, I 92-93 

Nracara River Hypravric Tunnet, Power 
& Sewer Co. (succeeded by Niag. Falls 
Power Co.), incorporation, I 118; acts 
amending special charter, I 119, 202; 
organization and capital stock, I 120; 
circulars, I 121-124, 126, II 11, 142; of- 
ficers and directors (with illus.), I 122- 
124; negotiations with London, I 125- 
128; meeting and assessment of Jan., 
1888, I 128; discouraging results of five 
years’ effort, I 129; early negotiations 
with Stetson, I 130, negotiations for sale 
under optional contracts, I 131; negotia- 
tions with Stetson, Rankine and Wickes, 
I 131, 132, 141, 163; name changed to 
Niagara Falls Power Co., I 182, 202; 
summary of financial negotiations, I 133, 
134; negotiations at time of incorpora- 
tion and foundation of Cat. Constr. Co., 
I 292; original charter tunnel provisions, 
II 5; see also “Hvershed Plan’ 

Nracara Room, Brown’s Hotel, see “Brown’s 
Hotel” 

NraGara SEAL, use description, reproduction, 
II 344-347 (with illus.) 

Nracara Srupy, author of “Niagara Power” 
in (illus.), II 364; last meeting of publi- 
cation advisers (illus.), II 377 

Nracara Woop Paper Co. 1893, customer in 
1882, I 79; in 1893 (illus.), I 72, II 98 

Norru Tonawanpa, see ‘Tonawanda’ 

NorrHern Ramway or France, Deprez ex- 
periments in shops of, I 169 

Norron, J. L., subscription to first constr. 
work Cat. Constr. Co., I 295 

Norron Co., basic industries at Niag., II 321 

Norwatk Iron Worxs (Norwalk, Conn.), 
submits plans to Internat. Niag. Com. 
contest, I 188; II 98 

Norway, visitors from at Niag., II 332 

“NouveLLeE DrcouveRTE D’UN TRES GRAND 
Pays,” views from (illus.), I 7; title 
page from (illus.), I 6 

O'Day, Dantet (Buffalo), subscription to 
Niag. power prize, I 95; dir. Niag. Falls 
Power Co., I 237; dir. Cat. Power & Con- 
duit Co., I 343; portrait, I 341; sub- 
scriber to capital for constr. of Cataract 
Power & Conduit Co., I 344 

Oxcorr, on movement of wheel-pit walls, II 54 

Op Prints (of Niag.), reproduced (illus.), 
I 7-12; of 1827 show recession of falls, 
I 26 

Oxppury Exvectro Cuemicat Corpn., basic in- 
dustries at Niag. (illus.), II 321 

Oxtmstep, Frepertck Law, reminded of dese- 
cration at Niag., I 101 


NIAGARA POWER 


Otmstep, Wit1am D., officer of Niag. Falls 
Hydraulic Power & Mfg. Co. in 1882, I 
78; organizer Brush Elec. Light & Power 
Co., I 80; initials on first stock certifi- 
cates issued by Niag. Falls Power Co., 
I 315 

Onewa Community Miz 1893, users of 
power in 1882, I 79; in 1893 (illus.), I 
72, II 98; supt. attracted by Evershed 
letter, I 116 

Onxen, W. H., Jr., publication adviser “Ni- 
agara Power” (illus.), II 377 

Onari0o, government’s attention called to 
need for state, I 102; Legis. Assembly of 
province incorporates Can. Niag. Co., I 
228; Electrical Development Co. of, see 
“Electrical Development Co.”; Lake 
Ontario, see “Great Lakes” 

Ontario Powrr Co., power-plant of, II 81; 
ice stocked with, II 145 

OrvrennErmM, Henry (London), subscriber 
to first constr. work Cat. Constr Co., I 
295; invited to attend meeting for for- 
mation of Internat. Niag. Com., I 175 

Orecon, Wittamerre Farts, see “Willamette 
Falls” 

Osweco, salt shipped westward from in pio- 
neer days, I 63 

Oris Exryaror Co., elec. steel melting furnace, 
description and illus., II 316, 317 

OversHot WHEELS, see “Water-wheels” 

Ox-carrs, means of transportation in pioneer 
times, I 63, 64 

Ovyonwnax, elec. transmission at, I 165, 166 

Pan-American Exposition at Burrato, vis- 
itors attracted by newly painted houses 
of Echota, I 330 

Parrr Inpusrrins, see “Factories” and “Mills” 

Parana, Sete Quedas Falls compared with 
Niag., I 14 

Panis, France, exhibition of 1889 gives Brown 
prize, I 166; Deprez explaining transmis- 
sion from (illus.), I 168; Paris to Creil 
transmission, I 169, 170; from Paris to 
Bourganeuf, I 171; Adams’ visit to, I 
173; compressed air in, I 184; Herschel’s 
and Porter’s visit, I 190; associates 
among first subscribers to constr. fund 
Cat. Constr. Co., I 295; Dr. Thomson’s 
motor on exhibition at, II 209; Niag. 
seal executed in, II 345; seal exhibited 
at Luxembourg Museum, II 347; Treaty 
of Paris, see “Treaties” 

Parisu, Caprarn Jasper, interpreter re- 
warded by Senecas, I 63 

Park, Trenor L., subscription to first constr. 
work Cat. Constr. Co., I 295 

rome Exy S., Indian chief (with portrait), 

13 

Parxs, Niag. State Reservation, see “New 
York State Reservation’ ; Prospect Park, 
see “Prospect Park”; Porter Park, see 
“Porter Park”; Queen Victoria Niagara 
Falls Park, see “Queen Victoria Niagara 
Falls Park” 

Parks, engineer for Westinghouse, II 199 
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Parents, Gaulard and Gibbs patents ac- 
quired by Westinghouse, II 187; Tesla 
for polyphase induction motors acquired 
by Westinghouse, II 189; difficulties to 
overcome at World’s Fair regarding, II 
193; none of foreign companies give guar- 
antee against suits for infringement of 
patents on Niag. machines, II 227, 239, 
Oerlikon works refused to guarantee, II 
180, domestic guarantees, II 241-242 

Pavy, Caprarn Francis, invited to attend 
meeting for formation of Internat. Niag. 
Com., I 175; subscriber to first constr. 
work Cat. Constr. Co., I 295 

Peart Srreet (Buffalo), “Famous Fulton 
Market” on, I 94 

PEELE, on movement of wheel-pit slot walls, 
II 54 

Pretton WateER-wHEELs, see “Water-wheels” 

Prerton Water Wueet Co. (San Francisco, 
Cal.), submits plans in Internat. Niag. 
Com. contest, I 188, II 98 

Penrieitp, Henry F., purchased Squaw Is- 
land 1823, I 63; owner of island 1832, 
I 92 

Penstocks, see “Turbine Penstocks” 

Perriopiciry, see “Electric Current” 

Perrin, Raymonp S., instrumental in inter- 
esting English capital in Niag. Falls, I 
125; pro rata in distribution of purchase 
priceiot NonRwu. Dereon Commelas 

Perresonr, Lauren H., portrait, I 123; 
trustee Niag. Falls Power Co., I 135 

Perresonr Purp Miri (1893), shown on il- 
lustration, I 72, II 98 

PumaveLpnia, Penn., Kelvin’s prophecy re- 
garding transmission to, II 168; Centen- 
nial Exhib., II 65, 193; Franklin Insti- 
tute, II 209; elec. exhibition at, II 225; 
Scott read paper before Engineers’ Club, 
II 249-251; see also “I. P. Morris Co.,’ 
“Arthur BE. Kennelly,” “Ooleman Sellers” 

Puurrines, visitors from at Niag., II 332 

PuospHorus Comrounn Co., basic industries 
at Niag. (illus.), II 321 

Piccarp, Pror. Pauz, portrait, II 111; de- 
scribes Faesch & Piccard turbines, II 
111, 112 

Prerce-Arrow Moror Car Co., basic indus- 
tries at Niag. (illus.), II 305 

Pierront, VitLacE or, plans for manufactur- 
ing center at, I 92 

Prerson, Arzert W., constr. eng. on Cat. 
Constr. Co. staff, I 283 

Prtrssury, Cras. A. (Minneapolis), speaker 
at dinner celebrating delivery of power 
to Buffalo, I 345 

Pronrrrs, at Niagara, see Chapter II, Pio- 
neers in Power Development at Niag. 
Falls, I 39-50; Chapter III, The Mile 
Strip and the Portage Lease, I 51-66; 
prone a IV, The Hydraulic Canal, I 
67-86 

PirrssurcH Merarivurercar Co., basic indus- 
tries at Niag. (illus.), II 320 

PirrssurcH Repucrion Co., see “Aluminum 
Co. of America” 
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Ponrman, Dr. Jurius (Geologist, Buffalo), 
maintains necessity of tunnel lining, II 22 

Pores (for Niag. transmission lines), white 
cedar for Buffalo line, II 272; weakest 
point mechanically of line, II 274; mod- 
eled after telegraph poles, II 277; erected 
by J. G. White on first transmission lines, 
new pole line 1900, II 287; wooden poles 
succeeded by steel on Buffalo line, II 
296, 297; illustrations (wood or iron), 
II 272, 273, 277, 282, 296, 297 

Pomeroy, Rogrrtr W., elected dir. Niag. Falls 
Power Co. 1918, I 238; listed as dir., I 
249; portrait, I 260; subscriber to capital 
for constr. by Cat. Constr. Co., I 344 

Pomroy, H. K., subscription to first constr. 
work, Cat. Constr. Co., I 295 

Poor, Vicror, dir. of compressed air trans- 
mission in Paris, I 184 

Port Day, shown on aeroplane view of falls, 
I 28; steamers come to in celebration of 
canal opening, I 75; included in Schoell- 
kopf purchase of 1877, I 76; state owns 
land between Great Falls and, I 142; in- 
take of canal to be near, I 143; see also 
“Canals, the hydraulic” 

Porter, Arpert H.. (Civil Eng.), advises in 
prize awards of Internat. Niag. Com., I 
187; with Herschel visits competitors in 
Internat. Niag. Com. to learn reactions, 
I 190; assisted Bogart in calculations as 
resident engs. of Niag. Falls Power Co., 
I 271; portrait, I 271; on Niag. Falls 
Power Co. advisory board, I 272; pres- 
ent at final sessions of Internat. Niag. 
Com., I 279; subscriber to first constr. 
work Cat. Constr. Co., I 295; assisted in 
making survey of Echota village, I 329; 
assisted Burbank in building Niag. tun- 
nel, II 27; report on operations in Power- 
house No. One, II 123 

Porrer, Arexanper J. (son of A. Augustus), 
portrait, 1 124; secy. N. R. H. T. P. & S. 
Co., I 128; trustee Niag. Falls Power 
Co., I 185; subscriber to first constr. 
work Cat. Constr. Co., I 295 

Porrer, Avcustus (pioneer) visited falls 
1796, settled at Niag. 1805, built grist- 
mill on American shore 1807, I 41; built 
tannery and secured Mile Strip, I 42; 
deed issued to (illus.), I 144; secured pat- 
ent of Goat Island, built bridge, erected 
flour mill and paper mill 1822, I 45; is- 
sued invitation to settle, I 47; portrait, 
I 49; died 1849, I 50; member of Porter, 
Barton & Co., I 63; circulars issued by, 
see “Circulars”; heirs make contract 
with Woodhull and associates, I 69; grist- 
mill of, II 93; initials on first stock cer- 
tificate issued by Niag. Falls Power Co., 
I 315 

Porter, A. Avucustus, subscriber to capital 
SLOCKe Nim vc lemme te SO. CO, lel; 
death, I 128; pro rata in distribution of 
purchase price of N. R. H. T. P. & S. 
Co., 1 135; trustee Niag. Falls Power Co., 
I 135 
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Porter Brorners (Augustus and Peter B.), 
erected grist-mill 1820, I 46; saw future 
of Niag., I 50; as land owners at Niag., 
I 64 ; 

Porter Famiry, donated land for hydraulic 
canal, I 57, 74; grant did not include 
strip of land between high bank and 
lower river, I 80 

Porter, GrorGce M., subscriber to first constr. 
work Cat. Constr. Co., I 295 

Porter Parx, donated by Niag. Falls Power 
Connie i99 

Porter, Peter A. (historian, son of Peter B.), 
on early importance Niag., I 14; map of 
Niag. made for (illus.), I 40; as his- 
torian, footnote, I 41; persuaded Staf- 
ford to drop Niag. Hydraulic Elec. Co. 
plan, I 96; appraisal of land on Goat 
Island before State Reservation Board, 
I 104; bill incorporating N. R. H. T. P. 
& S. Co., submitted through, I 117; sub- 
scriber to capital stock N. R. H. T. P.& 
S. Co., I 120; portrait, I 124; pro rata 
in distribution of purchase price of N. 
R. H. T. P. & S. Co., I 1385; description 
of Niag. dry, II 143 

Porter, GEN. Perer B. (pioneer), map show- 
ing International Boundary Line, I 16, 
(illus.), I 15; security for Annin and 
Barton on bids for portage lease, I 58; 
member Porter, Barton & Co., I 63; por- 
trait, I 65; medal of, I 66; father of 
Peter A., I 117; see also “Circulars” 

Porter & Crarx, paper mill on Bath Island, 
I 46 : 

Porter, Barron & Co., in charge early Niag. 
postage, I 63, 64 

Porrer, A. K., represents commissioners state 
reservation at transmission hearing, I 211 

Porrer, Henry Noet (Elec. Eng.), designer 
of auxiliary apparatus for Westinghouse 


Co., II 198 
Porrer, Howarp, pres. Niag. Falls Assn., I 
104 


Porter, W. B., on staff Gen. Elec. Co., II 210 

“Power,” Harper’s article from quoted, I 29 

Power Stations, see Chapter XVIII, II 63- 
82; see also “Turbo-generator Units,” 
“Turbines,” “Alternators,” ete. 

At Niag. Falls: map showing location of, 
II 136; linked together as gigantic oper- 
ating unit, I 355, II 303; table showing 
installed rated capacities of, IT 443; shut- 
downs for extensions and repairs, I 213, 
214, II 39-44 

Niag. Falls Power Co. Development: 
Power-house One: men and materials 
used in constr., II 55, architecture, II 
65, 66, heated by elec., II 67, construc. 
of penstock (illus.), II 70, exterior 
view (illus.), II 71, plan of, II 71, 
interior view (illus.), II 73, first offi- 
cial inspection (illus.), II 72, first del. 
elec., II 73; cross-section orig. ma- 
chinery in, II 77, first unit operated 
in 1895, II 97, 116, prepared for in- 
stallations by De Courcy May, II 114, 
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first rotary converter to supply dir. 
current for street railways (illus.), 
II 170, tablet at portal entrance of, 
see “Tablets” ; first switchboard oper- 
ation, I 284, installation of first three 
units tests of commercial soundness 
of venture, I 302 
Power-house Two: Buck in charge of, 
I 285, 286, first dedicated to hydro- 
pneumatic, afterward to hydro-elec. 
devel., I 303, II 74, 221, tunnel ex- 
tended as tail-race to, II 29, exterior 
view of, II 74, interior view of, II 75, 
cross-section of machinery in, II 76, 
improvement affecting ice, II 151 
Power-houses One and Two: architec- 
tural dignity, I 108, estimate of di- 
version by Internat. Waterways Com., 
I 214, II 42, reserved for stand-by 
service, II 60, shown on illustration, 
II 64, map showing, I 304, II 19, im- 
provement and comparison, II 123, 
christened Edward Dean Adams Sta., 
II 137, all early power beside that of 
Internat. Paper Co. generated in, II 
255 
Canadian: located in Queen Victoria 
Niag. Falls Park, I 228, II 291, see 
also “Queen Victoria Niagara Falls 
Park,” Buck’s connection with, I 286, 
constr. and fin. of, I 305, supplement 
to American power-houses, I 336, II 
290, planned at first for Grass Island, 
II 78, constr., II 79, exterior (illus.), 
II 80, interior (illus.), II 81, wheel- 
pit constr. and map of, II 82, permis- 
sion obtained from Canadian Govt. 
to build, II 291 
Interconnection of three power-houses 
and transmission to Buffalo, I 307, II 
156 
Schoellkopf Development 
Schoellkopf Station No. Two, I 81, 82 
Schoellkopf Stations (3A, 3B, and 
3C): at foot of high bank (illus- 
trations), I 73, II 4, christened “The 
Schoellkopf Station,” IT 137; Sta. 3A 
described, I 82; Sta. 83C: 100,000 h-p 
generating plant planned as, I 223, 
completed with three 70,000 h-p 
units, I 855, penstock outlet in 
(illus.), II 56, Federal Power Com. 
approves, II 60, visitors to, I 109, 
prime mover in and runner (illus.), 
II 184, 1385 
Steam plant of Buffalo Ry. Co. furnished 
power during shut-down, II 39; Charles 
R. Huntley Sta. (of Buffalo, Niag. & 
Eastern Power Corp.) : christened, I 349, 
455, exterior (illus.), I 849, interior 
(illus.), I 356; carries only the peak 
loads, II 306; of Ontario Power Co. and 
Elec. Devel. Co., II 81 
Power Sraristics of U. S. and N. Y., II 457— 
466 
Queen Vicrorta Nracara Farts Parx, lease 
by commissioners to Niag. Falls Power 


Co., I 228-230; Can. Niag. Falls Power 
Co. authorized to create and use power 
within, I 305, 306; favorable location for 
power-house, II 78; commissioner of re- 
ported installation of first 50,000 h-p 
unit of hydro-elec. power commission, II 
131; Canadian power-house constructed 
within limits of, II 291 

QUEENSTOWN, Niag. town site opposite, I 58; 
ferriage rates at, I 64; installations of 
hydro units reported, II 131 

Quictry (J. F.) Purp Mux (later Cliff 
Paper Co.), user of power in 1882, I 79; 
first hydro-elec. generating sta. in, I 80 

RacurNneavu, Faruer, describes Niag., I 6 

Raroads AND Raiways, succeed old por- 
tage methods, I 64, see “Buffalo, Thou- 
sand Islands & Portland R. R.,” “New 
York Central,’ “New York, Lake Erie 
& Western R. R.,’ “Niagara Jct. Ry.,” 
and “Elec. Street Rys.” 

Raitway Suare Trust Co. (London), sub- 
scriber to first constr. work Cat. Constr. 
Co., I 295 

Ramapo Azsax Corp., basic industries at 
Niag. Falls (illus.), II 321 

Ranxrneé, De Lancry, trustee Niag. Falls 
Power Co., I 135; dir. Niag. Falls Power 
Co., I 249; portrait, I 261; on first board 
of dirs. of Tonawanda Cat. Power Co., I 
340; subscriber to capital for constr. of 
Cat. Power & Conduit Co., I 844 

Rankine, Witr1am B., application for addi- 
tional papers of N. R. H. T. P. & S. 
Co. made through, I 127; brings atten- 
tion of Francis Lynde Stetson to use of 
Niag., I 128, 129; instrumental in forming 
Cat. Constr. Co., I 131, 233; pro rata in 
distribution of purchase price of N. R. 
H. T. P. & S. Co., I 1385; Niag. power 
partially in hands of, I 141; acts for 
Niag. Falls Power Co. in lease of Can. 
Niag., I 228; pioneer mem. of board of 
Cat. Constr. Co., I 236; elected dir. Niag. 
Falls Power Co., I 237; elected vice-pres. 
and treas. of Niag. Falls Power Co., I 
242; secy. and treas. at time of liquida- 
tion, I 244; listed as member La Partie 
Carree, I 249; portrait, I 251; in group 
portrait of members of La Partie Car- 
ree, I 273; made Niag. Falls permanent 
residence, I 274, II 376; subscriber to 
first $5,000 cash capital of Cat. Constr. 
Co., I 292; subscriber to first constr. 
work Cat. Constr. Co., I 295; initials on 
first stock certificate issued by Niagara 
Falls Power Co. 1918, I 815; at first offi- 
cial inspection Power-house One, II 72; 
on first board dirs. of Tonawanda Cat. 
Power Co., I 840; incorporator of Cat. 
Power & Conduit Co., I 343; Can. Niag. 
Sta. named for, II 137 

Recession or Farts, see “Niagara Falls, Re- 
cession” 

Repucrrs, see “Transformers” 

Reep, Anprew, opinion on Niag. ownership, 
I 100 
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Repustic Carzon Co., basic industry at Niag. 
(illus.), II 320 

Reyotutionary War, close of gives N. Y. 
State Mile Strip, I 57 

Rune, water-power developments near, I 165 

Ruopes, Bensyamin, organizer Brush Elec. 
Light & Power Co., I 80; mgr. of Brush 
Co., I 188 

Ruone, water-power developments, I 165 

Rice, Epwin W., Jr., on staff of Gen. Elec. 
Co., II 210 

RicwHarpson, Spencer W., subscriber to first 
constr. work Cat. Constr. Co., I 295 

Ricug£, Coroner, report of Lake Survey, 
1911, I 19, 212-214 

Ricumonp, Sracy C., elected pres. and dir. 
Niag. Falls Power Co. 1918, I 238, listed, 
I 249, portrait, I 261 

Rreprer, Pror. A., consulting eng. for Vic- 
tor Popp and guide of Internat. Niag. 
Com, in studying compressed air, I 184; 
discusses relative merits of compressed 
air and electricity, I 185 

Riepirr Pumps, used by Niag. Falls Water- 
Works Co., II 116 

Rieter, Jou. Jacos & Co., see “Joh. Jacob 
Rieter & Co.” 

Riparian Ricuts (at Niagara), private own- 
ership of, I 57; Woodhull and associates 
contract with Porter for, I 69; included 
in Niag. Falls Hydraulic Co. purchases, 
I 73; private ownership vs. state, I 79; 
granted by N. Y. State, I 105; question 
raised before board of appraisal, I 105; 
belonged to State of N. Y. from Great 
Falls to Port Day, I 142; survey of lands 
under water for Cat. Constr. Co. by Bo- 
gart, I 160; of Niag. Falls Power Co. 
1918, based upon grants to the Niag. 
Falls Power Co. as N. R. H. T. P. & S. 
Co., the Hydraulic Power Co. of Niag. 
Falls and its predecessor, The Niag. 
Falls Hydraulic Power & Mfg. Co. 1878, 
and the Canadian Niag. Power Co., I 
197-230; to 250 acre tract above park 
reservation, I 294; considered insepara- 
ble from ownership, II 121; curtailment 
not considered serious until ten years 
after first power-house built, II 123; 
confirmed to Niag. Falls Power Co. for 
50 years, II 293 

Ross, ALExaNnveER D., portrait, I 286; eng. at 
time of 1918 consolidation, I 288 

Roserts, J. A. (of Albany), speaker at din- 
ner celebrating delivery of power to Buf- 
falo, I 345 

Rosgrnson, Lucius (Governor of New York), 
appeal for state reservation, I 101 

Rocuxstrer (N. Y.), Thomas Evershed citi- 
zen of, I 115; contract for transmission 
of power to, I 240 

Rocuester Gas & Execrric Core., customer 
of Niag., Lockport & Ontario Power Co., 
II 306 

Rocers, Enwarp L., subscriber to first constr. 
work Cat. Constr. Co., I 295 
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Rourer, A. L., on staff of Gen. Elec. Co., II 
210 

Rome (Italy), Tivoli-Rome transmission, I 
186, II 221 

Romer, Joun L., represents Niag. Falls Hy- 
draulic Power & Mfg. Co. at hearing to 
permit transmission of power from Can- 
ada to U. S., I 210 

RoosevELtT, PREsIDENT THEODORE, submits re- 
port of Internat. Waterways Com., I 206; 
comment on harnessing of Niag., II 333 

Rose, F., secretary at formation of Internat. 
Niag. Com., I 177 

Rorary Converters, first to supply direct 
current for street railways, Power-house 
One (illus.), II 170; valuable invention 
of early nineties, II 182; at World’s Fair 
part of first exhibition of complete poly- 
phase system (Westinghouse), II 198; 
Westinghouse demonstrated to Cat. Con- 
struction Co. efficacy of, II 194; bids for, 
II 228; low rate of alternation prefer- 
able for changing current to direct for 
street railways, II 236; installed at Buf- 
falo terminal, II 248; of Mathieson Al- 
kali Works (illus.), II 258; at Tona- 
wanda sub-station (illus.), II 289; on 
Scott’s diagram, II 251; furnish reversed 
current from steam plant of Buffalo Ry. 
Co. during shut-down of Niag. plant, II 
39 

Roruscurirp, Lorn, financed Deprez’s experi- 
ments, I 170; invited to attend meeting 
for formation of Internat. Niag. Com., 
I 175; subscriber to first constr. fund 
Cat. Constr. Co., I 295; interview with 
Edward Dean Adams regarding Niag. 
project, I 297-298 

Rowtanp, Henry Aveustus (Physicist, Johns 
Hopkins), portrait, I 152; on elec. trans- 
mission, I 152-155; investigations of 
transmission problems in England, I 
185; retained as adviser by Cat. Constr. 
Co., I 269; services secured by Cat. Con- 
struction Co., II 225; report on designs 
submitted by Westinghouse and Gen. 
Elec., II 228; changed recommendation 
from direct to continuous current, II 234 

“Run or Stone,” for first grist-mill, I 41; 
used in Schoellkopf and Mathews Flour- 
ing Mill, I 78; at Porter’s Mill, II 93; 
sixty, described in Porter prospectus, II 
141, 142, 385 

Russia, visitors from at Niag., II 332, 333 

RuruHerrorp, Winturop, subscriber to first 
constr. work Cat. Constr. Co., I 295 

Ryan, Micwaert, incorporator of N. R. H. T. 

P. & S. Co., I 117; second vice-pres. of 

company, I 120; portrait, I 124; pro rata 

in distribution of purchase price of N. 

Re Eb Pats: Co,, L186 

AwnrHony’s Farris, Minn., studied for 

precedent in Niag. devel., I 325 

Sr. AnrHony Fartrts Water Power Co., chief 
eng. proposed plans for Niag., I 93 

Sr. Joun’s Wort (Hypericum Kalmianum), 
sketch and description, I 107 
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St. Lawrence River, ascended, I 5; charts 
showing power devel., I 31-36 

Satt, principal article of commerce of pio- 
neer days, I 63, 64; used in the manu- 
facture of sodium, II 317, 318; in manu- 
facture of chlorine, II 322, 323 

SaLtTrEN-WiiteETt, A. J., viewing Forbes de- 
sign alternator (illus.), II 232 

Sansom, map of Niag. by mentioned, I 13 

SATTERFIELD, JouHN (Buffalo), subscription to 
Niag. power prize, I 95; subscriber to 
first constr. work. Cat. Constr. Co., I 295 

Saviewon, young Indian hostage, I 5 

SawMILLs, see “Mills” 

ScatcHerD, Joun N., subscriber to first con- 
struction work Cat. Constr. Co., I 295 

ScHAFFHAUSEN, utilization of water-power 
near, I 165 

Scuencx, J. F., subscriber to first constr. 
work Cat. Constr. Co., I 295 

Scutosser, see “Fort Schlosser” 

Scrrmip, Arzerr (Swiss Mech. Eng.), picture, 
IT 194; selected by Westinghouse to come 
to U. S., II 196; influence upon Lamme, 
II 197; devoted himself to work of Cat. 
Constr. Co., II 195 

ScuorriKorr, Atrrep H., vice-pres., consoli- 
dated companies, I 84; portrait, I 86 

ScHoriiKorr, Arrior, associated with father 
in formation of Niag. Falls Hydraulic 
Power & Mfg. Co., 1 78; organizer Brush 
Elec. Light & Power Co., I 80; continued 
as mgr. of Niag. Falls Hydraulic Power 
& Mfg. Co. after Schoellkopf’s death, I 
84; portrait, I 86; initials on first stock 
certificate issued by Niag. Falls Power 
Co., I 815 

ScrortiKorr, Jacon F., pres. of Niag. Falls 
Hydraulic Power & Mfg. Co., I 78; joint 
issuer prospectus of Niag. Falls Canal 
Co., 177; organizer of Brush Elec. Light 
& Power Co., I 80; biography, I 82, 84; 
portraits, I 83, 86; incorporated Niag. 
Falls Hydraulic Power & Mfg. Co., I 
201; initials on first stock certificate is- 
sued by Niag. Falls Power Co., I 815 

ScuortiKopr, Jacoz F., II, portrait, I 86 

ScHortiKopr, Jacosn F., III, succeeds to 
father’s responsibility, present chairman 
board of dirs. consolidated co., I 86 

ScuortixKorr, C. P. Huo, active in manage- 
ment of consolidated co., I 84; portrait, 
I 86 

ScnorriKorr, Paur A., present pres. consoli- 
dated companies, I 84; portrait, I 86, 
Introduction vi; in final conference on 
“Niagara Power,” II 377; author of “A 
Word of Introduction,” Introduction, I 
vii, viii : 

ScnorriKorr Compantrs, see “Niag. Falls 
Power Co. 1918,” “Cliff Elec. Distribu- 
ting Co.,” “Hydraulic Power Oo. of Niag. 
Falls,’ and “Niag. Falls Hydraulic 
Power § Mfg. Co.” 

Scuortikorr Famity, group of portraits, I 
86; interest in consolidated companies 
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brought financial conclusion to enterprize 
started by Cat. Constr. Co., I 313; hy- 
draulic stations 3A, B and C named for, 
II 187; influence on growth of Niag. vil- 
lage, I 102 

ScHorLtKorpF Hypravtic 
“Power Stations” 

ScuHortitxorpr & Maruews Frovurrnc Mit, 
early power users, I 78, 79, II 96; (illus- 
trations): I 72, II 98 

Scuort, Louis, invited to attend meeting for 
formation Internat. Niag. Com., I 175; 
subscriber to first constr. fund Cat. 
Constr. Co., I 295 

Scort, Cuartres F., eng. Westinghouse, II 
195; proposes transformers, II 198; por- 
trait, II 199; diagram from “Installation 
of Niagara Falls Power Co.,” II 249- 
251; in final conference on “Niagara 
Power,” II 377; author of Introductory 
Preface, ix—xi 

Scoy-cu-auripes, original name for Squaw 
Island, I 63 

Szats, history of uses of, II 344; Niag. seal, 
I 344-347 

SreLigmMANn, Isaac N., subscriber to first constr. 
work Cat. Constr. Co., I 295 

Srrrers, Dr. Coruman (Philadelphia), “Ni- 
agara Power” dedicated to, I 158; see In- 
troduction for dedication; early reports 
on power devel., I 156; as chief eng. 
Cat. Constr. Co. proceeds with plans for 
constr., I 159; on Internat. Niag. Com., 
1 173; attends meeting for formation In- 
ternat. Niag. Com., I 174; report at for- 
mation of commission, I 176; member 
of commission (illus. in group), I 181, 
named as (illus.), I 180; Stetson and 
Bogart cover itinerary of, I 184; con- 
ference with Herschel re tunnel, I 185; 
tour of France and Italy, I 186; pre- 
sents report of prize projects upon re- 
turn to Niag. Falls from Europe, I 187; 
opinion of Internat. Niag. Com., I 191, 
192; early investigations at Niag., I 269; 
asst. as chief eng. by Porter, Bogart and 
Herschel, I 271; organizer Niag. Advi- 
sory Board of Engs., I 272; chief eng. 
Niag. Falls Power Co., I 135, 272; re- 
turns from meet. of Internat. Niag. Com. 
in March, 1891, I 279; subscriber to first 
constr. work Cat. Constr. Co., I 295; 
tribute to by Lewis B. Stillwell, I 363- 
365; portrait, I 362; accepts tunnel con- 
struction plans, II 6; on movement of 
wheel-pit slot walls, II 54; tunnel pro- 
posals shown on diagram, II 60; inspect- 
ing wheel-pit constr. (illus.), II 69; ad- 
vised Internat. Niag. Com. on adoption 
of turbines; mech. eng. on reorganiza- 
tion of staff, II 115; watching operation 
of Faesch & Piccard governors (illus.), 
II 126; definition of frazil, II 145; con- 
ference with Stillwell re Internat. Niag. 
Com. plans, II 191; Westinghouse ac- 
quires services of, II 199; report on de- 
signs submitted by Westinghouse Co. 


STATIONS, see 
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and Gen. Elec. Co., II 228; recommends 
two-phase generators, II 235; technical 
adviser of Constr. Co. as to transmission, 
II 271 

Serrers, Horace WeErts, view of Niag. Falls 
showing properties of Niag. Falls Power 
Co., II 266-268 

SreLters Governors, see “Governors” 

Senate, see “U. 8. Congress” and “New York 
State Legislature” 

Seneca Farts, furnished elec. by Empire Gas 
& Elec. Co., II 306 

Seneca River Power Co., Storer pres. of, I 
285 

Senecas, name for falls, I 13, 14; gained 
title to Niag., I 17, 18; give Squaw Is- 
land to interpreter, I 63 

Service (at Nracara), charts showing distri- 
bution of, II 302, II 325; direct service, 
II 303, 306, 307; indirect service, II 307, 
308; world-wide, II 324 

Sere Quepas, falls compared with Niag., I 14 

SrweRAGE System For Burrato, futile plan of 
1882, I 97 

Suarts, see “Turbine Shafts” 

SHALLENBERGER, O. B., operation of commer- 
cial plants, II 188; invents induction 
meter, II 189; reputation as elec. eng., 
II 195; consulting elec. eng., Westing- 
house Co., developed “Niagara type” in- 
duction measuring instrument, IT 198, 201 

Suaw, Axrsert D., acts for Niag. Falls Power 
Co. in lease of Can. Niag. Power Co., I 
228 

SHENEHON, Francis C., eng. U. S., United 
States Lake Survey, I 18 

Sure Canats, see “Canals, Barge and Ship” 

Sureppep Wuear Co., basic industries at 
Niag. (illus.), II 320 

Sram, visitors from to Niag., II 332, 333 

SieGFrRIED, J ULES, comment on harnessing Ni- 
agara, II 333 

Siemens, Sir Witrram, quoted on Niagara 
power, I 126; portrait, II 166; on elec. 
transmission, II 167 

Siemens anp Hatsxke, manufactured 1000 h-p 
generators, I 171 

Siemens Brorners, Edison asks price of 
cables for Niag., I 146 

Sicrrriep, eng. for Westinghouse, II 199 

Sizricon, manufactured at Niag., II 317; used 
by Deprez for Paris experiments, I 170 

Sirver Mines, see “Mines” 

Simpson, GrorcGe Freperick (expert in ster- 
eotomy), consulting eng. of Cat. Constr. 
Co., I 283; detailed account of tunnel 
constr., II 27-37 

Sims, Garprner, Gaskill takes up elec. devel. 
of Niag. with, I 123 

Sxinner, C. E., developed mica insulation, 
II 198 

Smiru, Cariton M., elected dir. N. F. P. Co., 
I 238; listed, I 249; portrait, I 262 

SmirHsontan Institute, “Study of Natural 
Resources at Niagara,” quoted, I 20 

Sopa, manufactured at Niag., II 323 

Sopium, manufactured at Niag., II 317 
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Soutu America, falls of, I 14 

Spatpinc Rurvus, com. Niag. Canal Co., I 91 

Spencer, J. W. W., report on recession of 
falls quoted, I 17, 30 

Sperry, work resulted in high efficiency mo- 
tors, II 369 

Spracur, Franx Jurian, on elec. transmis- 
sion, I 150; portrait, I 150; work re- 
sulted in high efficiency motors, II 369 

Spray, Nort Carorina, calcium carbide dis- 
covered at, II 307, 319 

SPRINGFIELD, Ouro, Jas. Leffel & Co., of, I 81 

Seuaw Isranp, pioneer freight warehouse 
opposite, I 63; at entrance of Erie Canal, 
; 64; plans for manufacturing center on, 

92 

Srarrorp, Ricuarp H. anv James B., origi- 
nated prize plan for use of Niag. power, 
I 94; promoted scheme of Niag. Hydrau- 
lic Elec. Co., I 95 

SranpisH, Mrmzs, joint issuer prospectus of 
Niag. Falls Canal Co., I 77 

SranLey, Witiram, on Buffalo transmission, 
II 175; portrait, II 188; experiments 
with alternating current at Great Bar- 
rington, II 187, 188, 189; influence of 
transformer inventions, II 369; Edison 
medalist, II 373 

State Reservation, see “New York State 
Reservation” 

STeEADMAN, Jown, pioneer at Niag., I 41 

STEAM-ENGINES, brought about industrial 
revolution of 19th century, II 255; on 
Niag. Jct. replaced by electricity, I 331 

Sreet, high grade products made at Niag., 
II 317, see also “Ferro-alloys” 

Steinmetz, C. P., on staff of Gen. Elec. Co., 
II 210 

Sretson, Francis Lynpe (Lawyer), con- 
sulted by rep. of N. R. H. T. P. & S. Co., 
I 124; attention called to Niag. by Ran- 
kine, I 128; early negotiations with, I 
130-132; outlines plan for formation of 
Cat. Constr. Co., 1 131; pro rata in dis- 
tribution of purchase price of N. R. H. 
T. P. & S. Co., I 185; Niag. power in 
hands of, I 141; cables to and from re 
internat. investigation, I 174; acted as 
spectator at meeting of Internat. Niag. 
Com., I 182; visits France and Switzer- 
land for study of power transmission, I 
184; returns after three months in En- 
gland, I 185; represents Niag. Falls 
Power Co. at hearing to permit trans- 
mission of power from Canada to U. S., 
I 210; incorporator Cat. Constr. Co., I 
233; acts for Niag. Falls Power Co. in 
lease of Can. Niag., I 228; early inter- 
ested in Niag. project, I 234; opinion as 
to legality of Cat. Constr. Co. proceed- 
ings of 1889, I 235; orig. dir. Cat. Constr. 
Co., I 236; re-elected 1901, I 237; orig. 
dir. remaining in 1890, I 238; elected 
director N. F. P. Co., I 242; appt. on 
ex. com. N. F. P. Co., I 248; thanks of 
Cat. Constr. Co. extended to, presenta- 
tion of salver, I 243; first vice-pres. at 
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time of liquidation, I 244; listed a mem- 
ber La Partie Carree, I 249; portrait, 
I 250; portrait in group, and description 
as member La Partie Carree, I 273, 274; 
subscriber to first $5,000 cash capital of 
Cat. Constr. Co., I 292; subscriber to 
first constr. work Cat. Constr Co., I 295; 
initials on first stock certificate issued by 
Niag. Falls Power Co. 1918, I 315; on 
first board directors of Tonawanda Cat. 
Power Co., I 340; first board directors, 
Cat. Power & Conduit Co., I 343; toast- 
master at dinner celebrating delivery of 
power at Buffalo, I 345; at first official 
inspection Power-house One, II 72; dir. 
Niag. Falls Power Co., II 376 

Stevens, Franx W., represents N. Y. Cham- 
ber of Com. at hearing to permit trans- 
mission of power from Canada to U. S., 
T 211 

SrittweE.1, Lewis B., tribute to Sellers, I 158, 
363-365; eng. for Westinghouse Co. and 
for Cat. Constr. Co., I 284, II 202, 203; 
served as pres. A. I. E. E., I 287; report 
on operations in Power-house One, II 
123; investigations in Europe, II 191; 
portrait, II 190; Westinghouse eng., II 
195; tribute to Westinghouse, II 199; 
opinion on Forbes generator, II 231; 
conversation at dinner on periodicity, IT 
238; “The Electric Transmission of 
Power,” quoted on insulators and poles, 
II 286-288 

Stirtwett & Brerce Manvuracrurine Co. 
(Dayton, Ohio), submits plans for In- 
ternat. Niag. Com. contest, I 188 

Stock, see “Capital Stock” 

Stock Crrriricates, see “Capital Stock” 

Stone, see “Run of Stone” 

Storer, Simon Brewster (Syracuse, N. Y.), 
operated first switchboard at Niag., I 285 

Srorespury, Epwarp T., elected Niag. Falls 
Power Co. 1918, I 288, listed as dir., I 
249; portrait, I 262 

Srrauss, eng. for Westinghouse, II 199 

Srreet Licuts, see “Hlectric Lighting” 

Street Ramwways, see “Electric Street Rail- 
ways” . 

SrurcEon, Jomn, guides Internat. Niag. Com. 
in study of compressed air in Eng., I 184 

Srurcis, F. K., subscriber to first constr. 
work Cat. Constr. Co., I 295 

“Suicipe or tHE HorsesHor Fatts,” quoted 
from, I 27 

Superior, Lake, see “Lake Superior” 

Superpower System ar Nracara, benefits of, 
II 262, 451, 452 

Supreme Court, N. Y., see “New York State 
Supreme Court’ . ; 

Surveys, of Niag.: after Treaty of Ghent, I 
15-17, geol. of Canada, report of reces- 
sion of falls in re Internat. Boundary Line, 
I 17; power surveys including report on 
flow 1841-1924, I 18-20; U. S. and State 
showing recession of falls, I 24-27; Park- 
hurst Whitney survey basis of Goat Is- 
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land grant to Porter, I 45; showing divi- 
sion of lots on Mile Strip, I 58; State of 
N. Y. by triangulation, I. 101; by Bo- 
gart, I 160, 270; contour survey suffi- 
ciently advanced in March 1890 to begin 
tunnel constr., II 6; U. S. Lake: by Kel- 
ler and Riché, I 211-214, Major Bur- 
gess, I 222, inspected Niag. plant during 
shut-down, II 42 

Suspension Brines, see “Bridges” 

SusPensIon BrincGr ViLLAGE WATER-WORKS, 
users of power in 1882, I 79 

Suspension Towers anp AncHor Towers, of 
transmission line across Grand Island, 
II 294 

Swarn, A. M., turbines designed by, II 90 

Swain Tursrne & Mre. Co. (of Lowell, 
Mass.), submits plans in Internat. Niag. 
Com. contest, I 188 

SweEbEN, visitors from to Niag., II 332; Kalm, 
botanist from, I 107 

Sweet, C. A., subscriber to Niag. power prize 
fund, I 95; trustee Niag. Falls Power 
Co., 1 135; listed as early dir., I 249; por- 
trait, I 263; subscriber to first constr. 
work Cat. Constr. Co., I 295; on first 
board of dirs. of Tonawanda Cat. Power 
Co., I 340; subscriber to capital for con- 
struction by Cat. Power & Conduit Co., 
I 344 

Sweet, Ernarnan, state eng. and surveyor, 
approved plans for N. R. H. T. P. & S. 
Co., I 121; quoted in English prospectus, 
I 126; state eng. and surveyor, II 22 

SwircHes aNp Swircuine Devices, operations 
of first switchboards at Niag., I 284, 285, 
control and aux. apparatus suggested by 
Davis, Wurts and Potter, II 198; on 
early Niag. generators. (Westinghouse) 
described, II 201; bids for by Westing- 
house & Gen. Elec., II 228; used on Buf- 
falo-Niag. transmission, II 283-286; ex- 
perimental fuse release (illus.), II 283; 
switchboard control of Niag. Falls Power 
Co. 1918 (illus.), II 284 

SwirzeRLAND, investigation re power devel., 
I 164-177; some of Niag. machinery made 
in, I 283; visits of Cat. Constr. Co. offi- 
cials, II 8; turbines manufactured in 
America cheaper, II 105; experience in 
dealing with river ice, II 141; direct cur- 
rent projects in 1890, II 175; one rep. on 
Internat. Niag. Com., I 181; Swiss firms 
invited to submit projects to Internat. 
Niag. Com., I 182, 183; wins prizes in 
Internat. Niag. Com. contest, I 187; Her- 
schel and Porter visit to learn reactions 
to Internat. Niag. Com. contest, I 190; 
investigations by Westinghouse, II 191; 
visitors from at Niag., II 332; see also 
“Brown, Boveri & Co.,” “Ouenod, Saut- 
ter & Co,” “Hecher, Wyss & Oo.,” 
“Faesch and Piccard,’ “Joh. Jacob Rieter 
& Co.,’ “Maschinenfabrik Oecerlikon,’ 
“Turrettini? 

Symon, Rozerr R., attended the meeting for 
formation of Internat. Niag. Com., 1 175; 
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subscriber to first constr. fund Cataract 
Construction Co., I 295 

Symonps, Jesse, built early paper mill, I 45 

Syracuse, N. Y., contract between N. F. P. 
Co. and Hawley for transmission to, I 
240; uses direct service from Niag., II 
303; Storer of, I 285 

Syracuse Licutinc Co., power furnished 
from Niag., Lockport and Ontario Power 
Company, II 306 

Taxsiets, in Brown’s Hotel in memory of 
formation of Inter. Niag. Com. (illus.), 
1178; in Charles R. Huntley Sta. author- 


ized, I 455; on wall of portal entrance . 


Power-house One, II 375, 376 (illustra- 
tions): II 366, 372 

Tarr, Wiri1am Howarp, as sec’y of war con- 
ducts hearings on application for water 
diversion, I 209, 210; transmits lake sur- 
vey reports to Congress, I 212 

Tam-race TuNNELS, see “Tunnels, Tail-race 
or Discharge” 

Tasset, Paurin, executed Niag. seal, II 345 

Taytor, Pascat L., subscriber to first constr. 
work Cat. Constr. Co., I 295 

TeLLer, Grorcr H., subscriber to capital for 
constr. by Cat. Power & Conduit Co., 1.344 

TreLLuripe, Cotorano, transmission at, II 174, 
181, 182, 190, 234 

TrerminaL Starions (or transformer stations, 
step-down, at Buffalo), Cat. Power & 
Conduit Co., Power-house No. One, com- 
pleted 1896, I 345, illus., I 357, designed 
by Gen. Elec. Co., II 248 ; current through 
supplied Niag. during shut-down by re- 
versed process, II 39; Sta. A had reached 
limits of transforming capacity when 
power was brought in from Canada, II 
292; Power-house B, erected 1906 to re- 
ceive transmission cables from Canadian 
Niag., II 292, (illus.), II 293; Sta. C (of 
Buffalo Gen. Elec.), transmission line by 
way of Grand Island from Echota sub- 
sta. to, II 293; Sta. D (Buffalo, Niag. & 
Eastern Power Corp.), illus., I 357 

Testa, Nixora (Elec. Eng.), portrait, II 
172; inventor of alternating current in- 
duction motor, II 178, 235, 369; com- 
ment on harnessing Niag., II 333; Edi- 
son medalist, II 373; speaker at dinner 
celebrating delivery of power to Buffalo, 
I 345 

Tueovor Betz & Cre. (Kriens-Lucerne, Switz- 
erland), work at Berne for elec. lighting, 
I 165 

Trromson, Dr. Exiruu, earliest worker with 
alternating current in U. S., II 209; 
guiding spirit Gen. Elec., II 210; por- 
trait, II 210; Thomson-Houston Co., iden- 
tified with alternating current by work 
of, II 212; work resulted in high effi- 
ciency motors, II 369; Edison medalist, 
II 373 : 

Txomson, Sir Wit11am (Lord Kelvin), on 
International Niagara Com., I 173, 181,. 
185, 190, (illus.), I 180; on elec. trans- 
mission, II 167, 168; advocates direct 
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current, II 209, 220, 235, 256; acknow- 
ledges efficiency of alternating current, 
II 215, 335; visit to falls, II 333; por- 
trait, II 334; facsimile signature, II 335 

Txomson-Hovuston Arc Lacurine Co., be- 
came Thomson-Houston Elec. Co., II 209 

Tuomson-Hovuston Exec. Co., used alterna- 
ting current 1890, II 174; resumed at- 
tention to alternating current machine, 
II 209; consolidation with Gen. Elec. Co., 
II 209, 210; invited to submit plans for 
elec. transmission, II 223 

Tuomson-Hovston Exectric Licut & Power 
Co., absorbed by Buffalo Gen. Elec. Co., 
I 348 

Trrantum Attoy Manuracturine Co., basic 
industries at Niag. (illus.), II 320 

Trvort1-Rome Transmission, I 186, II 221 

Tomxrins, Dantet D., Governor of N. Y. dur- 
ing Porter’s time, I 45 

Tonawanpa (and North Tonawanda), Hol- 
ley’s tunnel to have started from, I 115; 
ready market for elec., I 144; Field’s re- 
port on use of elec. in 1889, I 146; Row- 
land on transmission to, I 153; contract 
for transmission of power to Tonawanda 
and North Tonawanda, I 240; Canadian 
plants help American plant to enlarge 
influence in vicinity of, I 307; policy of 
distribution similar to that of Buffalo, I 
308; financing of distribution, I 309; 
franchises for transmission obtained 
from in 1898, I 340 

Tonawanpa Power Co., formed by consoli- 
dation of Tonawanda Cataract Power Co. 
and Tonawanda Lighting and Power Co., 
I 340; stock exchanged for stock of 
Niag. Falls Power Co., I 308, 340; for- 
mation, sold by Niag. Falls Power Co. 
to local interests at Tonawanda, I 309; 
control of properties is acquired by 
Niag: & Eastern Power Corp., I 350; 
abridged history from report of Buffalo, 
Niag. & Eastern Power Corp., I 352; 
Buck in charge of elec. work, II 214 

ToNAWANDA SuB-sTaTion, rotary converters 
and motors driving arc-light machine, 
(illus.), II 289, (illus.), exterior (illus.), 
II 290 

Toner, Franx J., pres. of Carborundum Co., 
on devel. of Niag. power, II 307 

Torrey, Dr. Joun A., obtained specimen Hy- 
pericum kalmianum, I 107 

Tourists, see “Visitors” 

Towers, see “Alignment Tower” and “Sus- 
pension Towers” 

Tracy, Cuartes E., subscriber to first constr. 
work Cat. Constr. Co., I 295; legal opin- 
ion on Cat. Constr. Co. proceedings of 
1889, I 236 

Trans-ANDINE Rattway (between Argen- 
tine and Chili), direct current used for 
drilling tunnels, I 166, II 177 

TRANSFORMERS, Sprague’s report on, I 151; 
Westinghouse and Gen. Elec’s proposals 
for, I 344, II 228; reversed raise current 
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from Buffalo Ry. Co. steam-plant, II 39; 
early attention, II 106; part in alterna- 
ting current lighting, II 170; used at 
Willamette Falls, II 174, 190; Stanley’s 
work and influence on, II 187, 369; at 
residence and stores lowered voltage 
from Westinghouse machines, II 188; on 
Southern California Westinghouse line, 
II 190; proposed by Scott, II 198; early 
Niag. (Westinghouse), water-cooled, oil 
insulated, II 201, 289, 290; on Dr. Thom- 
son’s alternating current machines, II 
209; Gaulard & Gibbs, exhibited at Turin 
Exposition, II 221; on rotary converters 
of Mathieson Alkali Works (illus.), II 
258; air blast by Gen. Elec., water-cooled 
by Westinghouse, II 270, 289, orig. air 
blast supplied by Gen. Elec. (illus.), II 
289 

Transrormer Houses, see also “Terminal 
Houses”; of Pittsburgh Reduction Co., 
short circuit throws cable off, II 47; of 
Power-house One: elec. taken from at 
first by subway, II 45; installation of 
lightning arresters causes cessation of 
service of, II 276; cat between lightning 
arresters causes short circuit, II 286; 
for Power-house One designed by McKim, 
Mead and White, description, II 66-69; 
on plans for Power-house No. One 
(illus.), II 71 

TRANSmission, alternating current superior 
for, see “Electric Current, Alternating” ; 
to Buffalo (with illustrations), I 122, 
144, 241, 286, 336-340, 344-357, II 39, 
103, 189, 201, 203, 225, 228, 269-299; early 
experiments with: domestic, I 142, 144— 
149, 151-157, II 168-180, foreign, I 164— 
172, 186, II 102, 103, 234, 168-180, see 
also “Lauffen-Prankfort transmission” ; 
cable-compressed air-elec. controversy, 
I 147, 164-166, 171, 172, 184, 185, II 9, 
73, 106, 168, 212, 219, 221, 269; from 
Canada, I 209-211, 227, 307, 336, II 79, 
260, 290, 291, 401; to customers at dis- 
tance from Schoellkopf Sta. Two, I 82; 
“Electric Transmission of Energy,” Gis- 
bert Kapp, quoted, II 176, 177 

Treaties, Boundary Waters Treaty between 
U. S. and Great Britain, I 211, 215, 216, 
218, 219, 226, 229; of Ghent, map show- 
ing boundary line fixed by, I 16; of Paris, 
gave N. Y. ownership of Mile Strip, I 57; 
between Great Britain and Senecas, I 57 

Trier, Guy E., on importance of Niag. in- 
stallations, II 264 

Tryon, Ames S., commissioner Niag. Falls 
Canal Co. 1823, I 91 

TUNNELS 

Discharge tunnel (developed by Niagara 

Falls Power Co. from Evershed Plan): 
see also “Evershed Plan”; cost of esti- 
mated by Sellers, I 157, right-of-way ac- 
quired by N. F. P. Co., I 160, 294, right- 
of-way for second tunnel secured by Cat. 
Constr. Co., I 168, II 20, 78, discussed at 
formation Internat. Niag. Com., I 176, 
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conference on, I 185, 278, 279, tail-race 
extension repairs, I 213, main tunnel line 
determined, I 241, first section constr., I 
271, 272, 275, II 5-8, map and profile 
showing method of establishing grade 
(illus.), I 279, tunnel portal (illus.), II 
4, 80, 31, dimensions of main tunnel 
(with diagram), II 20, 21, lining, II 21- 
24, 393-398, Simpson describes main and 
tributary tunnels (with illus. and dia- 
grams), II 27-37, inspections, II 39-45, 
289-391, men and material used in build- 
ing, II 55, on plan of consolidated 
waterways (illus.), II 57-59, ground 
broken for extension to Power-house 
Two, II 117, effect of extension on ice, 
II 151, 152, satisfactory progress in 1892, 
IT 225 

Pressure tunnel (“Harper Tunnel’), I 24, 
excavations on cause shut-down, II 43, 
shown on plan of consolidated water- 
ways, II 57, 59, view of, II 56, compared 
with other Niag. tunnels (with illus.), I 
60, 61 

Canadian Niagara: tail-race discharge lo- 
cation, I 228, plans for financing, I 305 
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Of Niagara units: summary of power in 
three houses, II 129-131, brief descrip- 
tion of all turbines of Niag. devel., II 
437-440 

In Power-house No. One: designs for sub- 
mitted, II 103-106; Faesch and Piccard 
designs accepted, II 104, 105, descrip- 
tion (with illustrations), II 106-111, de- 
scription by Prof. Piccard, II 111, 112, 
contract awarded to I. P. Morris Co., II 
113, Faesch & Piccard rep. by Baumann 
& Vogel in building of first three tur- 
bines, I 283, units added as first installa- 
tion succeeds, II 116, Egbert’s sugges- 
tion for replacing Fourneyron type with 
Francis, Il 123, 124, suggestions adop- 
ted, II 124, 125, diagram of orig. Four- 
neyron type (illus.), II 118, diagram of 
Francis type replacing earlier turbines 
(illus.), If 119, access to new turbines 
without shut-down, II 44, 122, effect of 
replaced turbines on ice, II 156 

In Power-house No. Two, equipped by 
Escher, Wyss & Co. with Francis type 
turbines, II 89, 116, 117 

In Power-houses One and Two: completion 
inspires public confidence, II 115, flow 
at intake sucks in ice, II 142 

In Canadian Power-house: units 1-5 de- 
signed by Escher, Wyss & Co., constr. 
by I. P. Morris Co., units 6-10 designed 
by Egbert, constructed by Bethlehem 
Steel Co. and Wellman, Seaver, Morgan 
& Co., II 89, 120, 121 

“Schoellkopf” turbines: in Station Two, I 
81, 82, in Sta. 3A, I 82, in Sta. 38C, II 
132, 133, (illus.), Il 132-135 

Early at Niag., recommended or used by 
Bigelow for Niag., I 74, Gaskill mill, 
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wood, later bronze or steel, I 76, 77, 95, 
(illus.), 97, see also “Water-wheels”’ 
Early investigations, foreign and domestic, 

re Escher, Wyss & Co., I 165, 171, II 89, 
103, 104, Joh. Jacob Rieter & Co., I 165, 
II 105, used in Deprez experiment, I 
I 170, projects submitted to Internat. 
Niag. Com., see “International Niagara 
Commission, projects submitted to,” 
Jonval type, II 87, designs by Ameri- 
cans, Francis, Francis-Boyden, and A. 
M. Swain, II 89-91, see also “Water- 
wheels” 

Tursine Governors, see “Governors” 

Tursine Prenstrocxs, in Power-house One: 
construction of (illus.), II 70, 107, a con- 
tinuous tube, II 109; in Canadian Power- 
house: double lower penstock elbow 
elimination on turbines 8, 9, 10, II 121; 
in Schoellkopf station: II 181, outlet in 
Station 38C (illus.), II 56 

TursinE Runners, on first Niag. turbine 
(illus.), II 107, 110, from early Gaskill 
mill, II 97 

TursInE Suarts, in Power-house One: open- 
ing through crown of wheel-pit slot for, 
II 45, connecting turbine and generator 
(illus.), II 110; horizontal used in 
Schoellkopf Sta. Two, I 81, in Sta. 8A, 
I 82; horizontal and perpendicular shafts 
on Joh. J. Rieter turbines, II 105 

Tursint Wueets, in Power-house One: lo- 
cated above probable reach of back 
water, II 45, of Escher-Wyss develop- 
ment, II 104, double, designed by Faesch 
& Piccard, manufactured by I. P. Morris 
Co., II 106, 107, Fourneyron turbine 
wheel (illus.), II 108; in three power- 
houses, Francis inward flow, II 131; 
casings for: supported on girders, II 45, 
(illus.), II 109; of cast iron in Schoell- 
kopf and Mathews mill, I 78 

TurBo-GENERATOR Units, see also “Turbines” 
and “Alternators”; girders holding back 
move Slightly at movement of wheel-pit 
walls, II 54; definition, II 109; table 
showing installed rated capacities of, 

- II 442 

TurReETTINI, THEODORE, mem. Internat. Niag. 
Com., I 178, 181, (illus.), I 180; visits 
Frankfort exposition on behalf Niagara 
power, I 191; appointed foreign consult- 
ing eng. Cat. Constr. Co., I 191, 272, II 
101, 102, 115, 403-406; portrait, II 101; 
subscriber to first constr. fund Cat. 
Constr. Co., I 295, advised Internat. Niag. 
Com. on adoption of turbines, II 100; 
referee in matters of dispute between 
Faesch & Piccard and Cat. Constr. Co., 
II 113; cable recommending two-phase 
current at Niag., II 235 

Torrie, Wiz11am G., built works on upper 
raceway, I 46 

Twomsriy, H. McK., subscriber to first on- 
struction work, Cat. Constr. Co., I 295 

Tynpatt, Pror. Jonn, on Edison’s penetra- 
tion and art, II 216 
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Union Carsme Co., Emmet in charge of 
machinery for, II 214; basic industries 
at Niag. (illus.), II 321 

Unton Leacue Crus or New Yorx Criry, 
dinner of representatives of Cat. Constr. 
Co. and Westinghouse Co., II 237 

Union Switcu & Signau Co., Schmid chief 
eng. and designer, II 196 

Unitep Paper Boarp Co., see “New York 
Court of Appeals” 

Unirep States or America, see also “Amer- 
ica,” agreement with Great Britain on 
Internat. Boundary Line, I 16; ownership 
of Niag., I 17, 18, 100, 199; consulate in 
Switzerland furnishes list of ingenieur- 
constructeurs, I 165; one representative 
on Internat. Niag. Com., I 181; pres. of, 
requires all power generated at Niag., I 
223; see also “Taft,” “Wilson,’ and 
“Roosevelt”; bonds of, issued in exch’ge 
of capital between Niag. Falls Power 
Co. and Niag. Falls Power Co. 1918, I 
313; census of manufacture of quoted, II 
307; power statistics from reports of, II 
459-495 

Unirep Srates Concress, House and Senate 
documents quoted, I 20; presents medal 
to Porter, I 66; fails to provide for na- 
tional ship canals at Niag., I 92; legis- 
lation and reports re preservation of 
Niag. Falls permit under the Burton 
Law, I 205-216; extracts from Senate and 
House documents on “Preservation of 
Niagara,” I 211-213; result of Rivers 
and Harbors Act of 1899, I 217; gives 
Sec’y of War right to grant extra power 
diversion, I 220-221; Federal Water 
Power Act, I 223-227; Burton Law es- 
tablishes rigid rule, I 218 

Unrrep States Execrric Licut & Power Co., 
absorbed by Buffalo Gen. Elec. Co., 1348 

Unirep States Frerro-aALLoys Corporation, 
basic industries at Niag. (illus.), II 320 

Unirep Srares Ligut & Hear Corporation, 
basic industries at Niag. (illus.), II 320 

Unirep States War DepartMent, Sec’y of 
War may fix amount water to be taken 
from Niag. under direction of Congress, 
I 208; hearings before re Niag. permits, 
I 209-211; authorizes investigation as to 
effect of water diversion on falls, I 211; 
receives report of Internat. Waterways 
Com., I 214; engs. of assist in survey by 
shut-down of power-houses, I 213, 214; 
water control at Niag. by, 1913-1918, I 
217-223; report to on Niag. by Wilson, 
Sec’y Internat. Waterways Com., II 42 

Unwiy, W. CawrnHorne, member Internat. 
Niag. Com., I 182, (illus.), I 180; con- 
ference with Herschel re tunnel, I 185; 
appointed consulting eng. Cat. Constr. 
Co., I 191, 281, II 115; distributes dupli- 
cate copies of competition projects re- 
ceived by Internat. Niag. Com., I 186; 
report on projects submitted in Internat. 
Niagara Com. contest, I 189, 401-445; 
thanked for services as sec’y of Internat. 
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Niag. Com., I 190; visits Frankfort ex- 
position on behalf of Niag. power, I 191; 
consulted by Herschel on tunnel, II 6; 
examines rock cores to determine if tun- 
nel should be lined, II 24; advises In- 
ternat. Niag. Com. on adoption of Niag. 
devel., II 358-360, portrait, II 358 

Ursan, Gerorce, Jr., portrait, I 342 incor- 
porator Cat. Power & Conduit Co., I 342; 
subscriber to capital for constr. by Cat. 
Power & Conduit Co., I 344 

VALENTINE, Henry C., subscriber to first 
constr. work Cat. Constr. Co., I 295 

Van Creve, A. H., review of shut-down 1908, 
II 42; submits estimates for Grass Is- 
land projects, II 78; theories as to cause 
of damage to tunnel lining, II 395-398 

Van Empsurc & Artersury, subscriber to 
first constr. work Cat. Constr. Co., I 295 

Vanverzitt, W. K., subscriber to first constr. 
work Cat. Constr. Co., I 295 

VENEZUELA, Visitors from at Niag., II 332 

Very, Enwarp D., div. eng. on constr. work 
Cat. Constr. Co., I 283; illustration, II 55 

Victoria Faxxs, compared with Niag., I 14 

Virernia, Niag. Hydraulic Elec. Co., a Vir- 
ginia corporation, I 95 

Visrrors, LaFayette at Niag., I 47; desecra- 
tion of falls a retarding influence on, I 
101; to Goat Island, I 106, 109; Kalm, 
1750, I 107; to Schoellkopf Sta. 8C, 1 109; 
left to judge of Niag. Falls enterprise 
for themselves, I 214; as result of Chi- 
cago Fair, II 260; at Power-house One, 
II 331-841; visitors book, facsimile sig- 
natures from, II 330, 835-343 

Vocrr, H., mech. eng. from Geneva repre- 
sented Faesch and Piccard in constr. of 
first three Niag. turbines, I 283 

Voussom Sronrs, first eleven dirs. likened to, 
I 237; shown on tunnel diagram, I 246, 
II 33; diagram of individual stones, I 
247-266; novel constr., II 35; in Power- 
house One and transformer-house, II 69; 
at intersection of ten-foot circular tun- 
nel, II 37 

Waxeman, Apram, trustee Niag. Falls Hy- 
draulic Co. 1853, I 70 

Watpron, James, dir. Niag. Falls Power Co., 
I 75 

Warkxer Manvuracrurine Co., made alter- 
nator in Schoellkopf Sta. Two, I 82 

Warton & Co., agents for Porter, Barton & 
Cos L63 

War or 1812, settled Internat. Boundary, I 
16; effect on progress at Niag., I 47; in- 
terfered with transportation of Porter, 
Barton & Co., I 64 

Ware, Henry S., consulted on Evershed 
scheme, incorporator N. R. H. T. P. & 
S. Co., I 116; first vice-pres., I 120; on 
committee to consider placing of N. R. 
H. T. P. & S. Co. bonds, I 180; pro rata 
in distribution of purchase price of N. 
R. H. T. P. & S. Co., 1 185; trustee Niag. 
Falls Power Co., I 135; portrait, I 124 
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“Water Power av NraGara Farts To Be Suc- 
cEssruLLY Urinrzep,” prospectus of N. R. 
Je bs le, Ge Sh (Clos Ut 

“WaATER-POWER IN THE British Emprrre,” by 
Sir Dugald Clerk, extracts from, I 268, 
Il 447-448 

Warer Ricuts, see “Riparian Rights” 

Warrr-wueets, early method of mill oper- 
ation, I 21-23; overshot used by Jon- 
caire, Jr., I 41, II 93; thought suitable 
for Niag. by Bigelow, I 74; of Gaskill 
milly 1 76yn77,) 95,. Gllus))5) Ov cmused sm 
Niag. industries of early 80’s, I 80; used 
at lower milling district 1893, I 80; of 
Fanning project, I 93; existing models 
ineffectual at Niag., I 163; of Rhone, 
Rheinfall, and Rhine, I 165; advice 
sought concerning, I 165; “The Niagara 
of” (illus.), II 84; early use of breast 
wheels, overshot, undershot, and tub, II 
86, 87; Pelton type, II 93, 116; early use 
in Niag. devel., II 94, 95, see also “Tur- 
bines” and “Turbine Wheels” 

Weser, Pror., report to Turrettini of suc- 
cess of Lauffen-Frankfort transmission, 
II 103 

Wercn, THomas V., consulted on Evershed 
plan, I 116; incorporator N. R. H. T. P. 
& S. Co., I 117; subscriber to capital 
stock of NiiR. HiT. PB? & S. Co: 120; 
121; consults Stetson on N. R. H. T. P. 
& S. Co., I 124; portrait, I 124; pro rata 
in distribution of purchase price of N. 
R. H. T. P. & S. Co., I 185; trustee Niag. 
Falls Power Co., I 135 

Wesrern New York Water Co., acquired N. 
F. Water Works Co., I 240 

Western New York Uriritres, Inc., cus- 
tomer of Niag., Lockport & Ontario 
Power Co., II 306 

WesterN Union ‘TELEGRAPH OFFICIALS, 
Forbes showing map to group of (illus.), 
II 232 

WestincHouse, Grorcr, portraits, II 186, 
204; inventor air brake espouses alter- 
nating current, II 187, 215, 220, 227; 
Henry G. Prout on, II 205; meant busi- 
ness with Cat. Constr Co., II 194; as 
mech, eng., II 195; inspiration to men, 
II 199; attitude on Niag. enterprise, II 
203, 204; worlk with compressed air, II 
221; Lord Kelvin’s visit to, II 335; Edi- 
son medalist, II 3738 

Westincuouse Execrric & MANUFACTURING 
Co., see also Canadian Westinghouse Co. 

See Chapter XXII (first part): organiza- 

tion, II 187, early experiments with al- 
ternating current, II 187-188, invention 
of induction motor by Shallenberger and 
acquisition of Tesla polyphase patents, 
II 189, extension of commercial lighting 
by alternating current and development 
larger apparatus (Willamette Falls, Tel- 
luride and Southern California), II 189- 
190, European investigation and the 
Niag. project, II 191-192, polyphase cur- 
rent at Chicago World’s Fair, II 193, 
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proposes polyphase system for Niag., II 
193-195, engineering staff responsible 
for application of Westinghouse prin- 
ciples to Cat. Constr. Co. specifications, 
II 195-199, 201-205, pioneer features of 
Niag. equipment introduced by, II 201 
Invited to submit plans for elec. trans- 
mission, II 223, 224; response to invita- 
tion, II 227, 228; Stillwell (of Westing- 
house) passed judgment on Forbes gen- 
erators, IJ 230-231; invited to bid for 
adaptation of Forbes generator, II 233; 
proposed two-phase generators for Niag., 
IJ 235; bids on first generators accepted 
by Cat. Constr. Co., II 238-239; dinner to 
discuss periodicity with Cat. Constr. Co. 
officials, II 237; infringements of patents 
pronounced unavoidable, II 241; guar- 
antees for generators, II 241-243; on im- 
portance of Niag. installation, II 264; 
alternators built by, II 248, 441 
Buffalo Transmission: suggests double 
pole-line for, I 345, II 270, work on 
lightning problem, II 279, proposed oil- 
filled insulators (1893), II 281, advocated 
air breaks for switches, II 285; sup- 
plied oil-insulated, water-cooled trans- 
formers for second Buffalo-Niag. trans- 
mission line, II 289-290 
Made alternators for Pittsburgh Reduction 
Co., I 81; Stillwell and Barton came to 
Cat. Constr. Co. from, I 284; replaced 
steam with elec. apparatus on Niag. Jct. 
Ry., I 332 
Weston, work resulted in high efficiency mo- 
tors, II 369 
“Wiaat Hara Gop Wrovcut!” Morse slogan 
applied to Niag. devel., II 325, 343, 361 
Wueatrietp, N. Y., financing of distribution 
system at, I 309; contract for transmis- 
sion to, I 240 
WUHEEL-?PITs 
At Niagara: inspections 1902, 1908, 1921, 
II 39-45; planned to permit examination 
of turbines without shut-down, II 122; 
measurement of wall movement, II 24, 
48-54; movement plotted (illus.), II 51— 
52; instrument for measuring (illus.), II 
53 
Power-house No. One: as shown on 
Evershed plan (with illus.), I 114, II 
6, 12, 18, 15, 67, 68; cost of estimated 
by Sellers, I 157; problem considered 
by engs., I 275; first ten secured by 
syndicate subscription, I 294; installa- 
tion of first three units test of com- 
mercial soundness, I 302; progress on 
in 1892, II 225; completed 1894, II 38; 
inspection 1902, II 39; description, II 
45; material and men used in building, 
II 55; illustration showing excavation 
and inspections, II 68, 69; extended 
for ten turbines, II 73; Faesch and 
Piccard design for machinery in, II 
77; prepared for installations by De 
Courcy May, II 114 
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Power-house No. Two: water spouted 
from rock crevices during constr., II 
24, (illus.), II 23; rock broken for ex- 
tension to, II 117; extension of tunnel 
helps in elimination of ice, II 151 
General: thought advisable in Goat Is- 
land hydraulic power devel., I 105; of 
early Gaskill mill, II 95; with Joh. J. 
Rieter’s proposed turbines, II 105 
WueerLER, Epmunp S., trustee Niag. Falls 
Power Co., I 135; mgr. Niag. Devel. Co., 
1 330; operation Niag. Jct. Ry. Co., 1 331 
Wutrr, Horace, subscriber to first constr. 
work Cat. Constr. Co., I 295 
Wauirr, J. G. (White, Crosby & Co.), on dif- 
ficulties encountered in Buffalo trans- 
mission, II 271-276; portrait, II 271; 
constructed first pole lines in Buffalo- 
Niag. transmission, II 286 
Wuitr, Stanrorp, designed houses for vil- 
lage of Echota, I 329; see also “McKim, 
Mead and White” 
Wuirr, Wix11am Monroe, hydraulic eng. 
Allis-Chalmers Mfg. Co., theory regard- 
ing pitting of turbine vanes, II 95 
Wuireneap, Pror. J. B. (Johns Hopkins 
Uniy.). operated first switchboard at 
Niag., I 285 
Wuirney, Cuartes, chief eng. Niag. Falls 
Hydraulic Co., I 70 
Wuitney, Parxuourst, survey basis of Goat 
Island grant to Porter, I 45; dir. Niag. 
Falls Water Power Co., I 75 
Wuitrincr, Frepertck W., dir. Cat. Constr. 
Co., I 236; dir. Niag. Falls Power Co., I 
237, 242, 243, 244, 249, II 376; portrait, I 
256; subscriber to first constr. work Cat. 
Constr. Co., I 295 
Wuittrern, JOHN GREENLEAF, 
Hymn” quoted, II 376 
Wickes, Epwarp A., instrumental in form- 
ing Cat. Constr. Co., early dir., I 131, 
141, 233, 236; attends meeting for forma- 
tion Internat. Niag. Com., I 174; acts as 
spectator at meetings, I 182; board Niag. 
Falls Power Co., I 237, 242, 244; member 
La Partie Carree, I 249, 273, (illus.), I 
251, 273; subscription to first capital of 
Cat. Constr. Co., I 292, 295; initials on 
first stock certificate issued by Niagara 
Falls Power Co., I 315; on first board of 
dirs. Tonawanda Cat. Power Co., I 340; 
first board Cat. Power & Conduit Co., I 
343; inspecting wheel-pit constr., II 69; 
at first official inspection Power-house 
No. One, II 72; capitalist member Niag. 
Falls Power Co., II 376 
Wicxes, Mary F., subscriber to first constr. 
work Cat. Constr. Co., I 295 
Wutamerre Farrs (Oregon), transmission 
from to Portland, II 170, 174, 190, 234 
Witrarp’s History or U. S., map from names 
Niag., I 13 
Wittson, inventor of calcium carbide, II 307 
Witson, W. Epwarp, Sec’y of American sec- 
tion Internat. Waterways Com., II 42 
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Witson, Presipent Wooprow, Federal Water 
Power Act prepared under direction of, 
I 223-225 

Winstow, Epwarp, subscriber to first constr. 
work Cat. Constr. Co., I 295 

Wrnstow, Lanier & Co., offered half inter- 
est in Evershed scheme, I 141; subscriber 
to first work of Cat. Constr. Co., I 295; 
see also “Edward Dean Adams” and 
“Charles Lanier” 

WINTERTHUR, SWITZERLAND, see “Joh. Jacob 
Rieter § Co.” 
Wire WHeer Corporation or AMERICA, basic 
industries at Buffalo (illus.), II 305 
Wirmer Broruers, owners Porter flouring 
mill, I 45 

Woop, R. D. & Co., built Internat. Paper Co. 
turbines, II 116 

Wortn’s Farr, Cuicaco (1893), demonstrated 
feasibility of using alternating current, 
II 182, (illus.), II 192, 193, 234; Lamme’s 
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ability proved by, II 198; brought visi- 
tors to falls, I 273, II 260, 331 

Woopnvtrt, Cares S., contract with Porter 
for canal lands, I 69; listed as trustee 
Niag. Falls Hydraulic Co., I 70; on Niag. 
as manufacturing village, I 138 

Woonvrvrr, L. C., extended paper-mill, I 46 

Wortp Wak, results of at Niag., I 221-223 

Waicut, L. M., hydraulic eng. Niag. Falls 
Water Power Co., I 75 

Worts, Avexanoer, designer of auxiliary ap- 
paratus for Westinghouse Co., II 198; 
lightning arrester (illus.), II 279 

Wver, Samvet, author of “Study of Natural 
Resources Niagara Falls,” I 20 

Younestown, elec. railroad connected with 
Niag. Gorge Railroad, I 82 

Zambezi, Victoria Falls compared with Niag., 
I 14 

ZuRIcH, SWITZERLAND, U. S. Consul assists in 
locating engs., I 165; Egbert’s residence 
in, II 124; see also “Escher, Wyss & Co.” 
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